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Foreword

Perioperative Issues for Surgeons:
Improving Patient Safety and Outcomes

Ronald F. Martin, MD
Consulting Editor

This issue of the Surgical Clinics of North America deals with the perioperative concerns of our patients. It covers a wide range of topics from
hospital systems issues to speciﬁc medical concerns of varying subsets of
patients. This issue once again underscores the importance of the surgeon
understanding the system in which he or she works. The complexity of
the patients we care for is increasing and will likely continue to do so for
the balance of our careers.
The days when surgeons could (at least according to lore) control everything about their working environment are gone. In fact, many surgeons
faced with increasing responsibilities for increased ‘‘productivity,’’ decreasing reimbursement, and an increasing desire for shorter hours have opted to
delegate many of the responsibilities that used to be ours. Preoperative
‘‘clearance’’ is something one gets from a medical colleague; total parenteral
nutrition is managed by the Metabolic Support Service; operative instruments and supplies are purchased in consolidated contracts. Although it is
not necessarily the best use of a surgeon’s time to personally tend to every
detail of a patient’s hospitalization or care, we still are responsible for the
end result. For better or worse, patients tend to give us more credit than
we deserve when things go well and place most of the blame on us when they
do not. Ironically, many surgeons are ﬁne with the former and indignant at
the latter.
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FOREWORD

There is a ﬁne line between delegation of responsibility and abdication of
responsibility. A similar ﬁne line exists between being a rugged individualist
and a prima donna who is incapable of being a ‘‘team player.’’ With so
many competing needs evolving in hospital systems, it is incumbent upon
us to know how we ﬁt into the overall system. Because many of these matters have the potential to become confrontational, it is always of value to
understand the needs of potential ‘‘competitors’’ for resources and to speak
their language. There are few things that will quell the ire of a surgeon
whose requests are denied by administration as much as making that surgeon part of the administration and saying, ‘‘Show us how.’’
On the medical side of perioperative patient issues, it remains an imperative that we discuss our plans with our colleagues as directly as possible. As
the complexity and types of procedures and operations we perform increases, it becomes more clear how little nonsurgeons really understand
what we can and cannot do. It is only through continued education of ourselves and others that we will keep the system working smoothly.
Despite the fact that we are greatly pressed for time, I would urge us all to
participate in those matters that contribute to running eﬀective hospital and
prehospital systems as much as we can. We may not get paid for it, but
we will certainly be rewardeddand so will our patients. This issue that
Dr. Napolitano and her colleagues have contributed will serve as an excellent source of information for us to help our patients and one another.
Ronald F. Martin, MD
Department of Surgery
Marshﬁeld Clinic
1000 North Oak Avenue
Marshﬁeld, WI 54449, USA
E-mail address: martin.ronald@marshﬁeldclinic.org
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Preface

Perioperative Issues for Surgeons:
Improving Patient Safety and Outcomes

Lena M. Napolitano, MD
Guest Editor

Optimal perioperative (pre- and postoperative) care of the patient undergoing surgery is ultimately linked to optimal patient outcome.
Millions of patients undergo surgery each year. Approximately 300,000
patients in the United States and 500,000 patients worldwide undergo coronary artery bypass surgeries (the most common cardiac surgical procedure)
annually. Similarly, approximately 400,000 total knee replacements and
over 300,000 hip replacements are performed each year in the United States.
The number of patients who undergo bariatric surgery more than quadrupled between 1998 and 2002 (from 13,386 to 71,733), with part of the increase driven by a 900% increase in operations on older patients between
the ages of 55 and 64.
Surgical procedures are commonly performed in older patients with signiﬁcant comorbidities. By the year 2030, it is estimated that 20% of Americans will be older than 65, while one out of four elderly individuals will be
older than 85 years of age. According to recent estimates, 50% of those over
age 65 will undergo surgery as compared with only 12% of those aged 45 to
60 years. Despite the higher numbers of elderly patients having surgery,
mortality and morbidity rates have been on the decline, in part due to signiﬁcant advances in perioperative care.
Recent studies have also shown a decline in the perioperative mortality
rates in all age groups. Advances in surgical and anesthetic techniques combined with sophisticated perioperative monitoring and critical care
0039-6109/05/$ - see front matter Ó 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.suc.2005.10.002
surgical.theclinics.com
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PREFACE

management are factors that have contributed to improved perioperative
patient outcomes. An evidence-based approach to achieve optimal perioperative care can therefore ultimately impact on improved outcome in millions
of patients undergoing surgery annually in the United States.
In this issue of the Surgical Clinics of North America, the fundamental
strategies for optimal perioperative care are reviewed. The preoperative assessment of the surgical patient should begin well in advance of the anticipated surgical date. A preoperative assessment is useful to identify factors
associated with increased risks of speciﬁc complications and initiation of
a management plan that minimizes these risks. Appropriate prophylaxis
strategies (including deep venous thrombosis prophylaxis and strategies
for prevention of surgical site infection) are necessary in almost all patients.
Optimal intraoperative care includes several safety initiatives that are discussed in detail. Postoperative care strategies (including pain control, prevention and treatment of nausea and vomiting, clinical pathways) are
essential. Prevention of postoperative complications (cardiac, infectious)
can be achieved with multidisciplinary eﬀorts. Finally, research to more critically examine risk-adjusted surgical patient outcomes is underway.
I would like to thank the authors for generously contributing their time
and expertise in the preparation of this issue. I would also like to acknowledge Catherine Bewick of Elsevier for her tireless support and assistance in
bringing this issue to completion. I hope that this issue serves as a timely and
current reference to assist in the provision of evidence-based perioperative
care to surgical patients in an eﬀort to ultimately improve patient outcomes.
Lena M. Napolitano, MD
Department of Surgery
University of Michigan Medical Center
1500 E. Medical Center Drive
1C340 University Hospital, Box 0033
Ann Arbor, MI 48109-0033, USA
E-mail address: lenan@umich.edu
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Preoperative Evaluation: Pulmonary,
Cardiac, Renal Dysfunction and
Comorbidities
Raymond J. Joehl, MDa,b,*
a

Loyola University Medical Center, 2160 South First Avenue, Maywood, IL 60153, USA
b
Edward Hines, Jr. VA Hospital, Fifth Avenue and Roosevelt Road,
P.O. Box 5000, Hines, IL 60141, USA

As physicians and surgeons, we are interested in improving our patients’
general well-being. When we recommend a surgical procedure, we expect
a good outcome. Stated diﬀerently, we recommend invasive procedures
and operations to our patients when we have a reasonable expectation
that, by excising a tumor, removing the source of inﬂammation or infection,
or by performing a reconstructive procedure to improve organ-system function or the patient’s functional status, we will improve the patient’s overall
condition. We also recommend surgery when we know that the beneﬁts of
the operation or intervention far outweigh the associated risk of the procedure. Additionally, to ensure the best possible result and outcome, we are
interested in minimizing complications that are known to occur with a given
procedure.
Our knowledge and experience help us select those patients who are best
suited for an operation or who will likely have the best result and outcome.
The process of selecting the best candidates for an operation has many
facets, including an initial patient assessment and identiﬁcation of patient
characteristics that aﬀect outcome. This selection process is an exercise in
risk assessment. Often, by optimizing the patient’s condition, surgeons can
achieve the best possible result and outcome. Furthermore, surgeons may
ﬁnd after this risk assessment that the risks of the procedure outweigh the
beneﬁts. Surgeons thus may not recommend an invasive procedure, especially
if it is unusually complex and risky.

* Surgical Service (112), Edward Hines, Jr. Hospital (VA Hines Hospital), Fifth Avenue
and Roosevelt Road, P.O. Box 5000 Hines, IL 60141.
E-mail address: raymond.joehl@med.va.gov
0039-6109/05/$ - see front matter. Published by Elsevier Inc.
doi:10.1016/j.suc.2005.09.015
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In this article, the author reviews evidence supporting this exercise of risk
assessment and demonstrates how it assists in the selection of patients who
should undergo the planned invasive procedure. The author focuses on the
preoperative functional assessment of three major organ systemsdcardiac,
pulmonary, and renaldand reviews guidelines for determining which patients need additional testing of organ system function. As for which additional tests would further clarify or complete the risk assessment, the author
leaves these determinations to the medical and cardiology consultants who
evaluate speciﬁc patients.

Preoperative cardiac risk assessment
In approaching preoperative cardiac risk assessment, four facts must be
recognized:
1. As many as one third of surgical patients have signiﬁcant coronary artery disease.
2. Patients with known peripheral vascular disease and those over age 60
years have increased risk of perioperative cardiac events.
3. operations associated with major extra-cellular ﬂuid shifts or prolonged
operating times have increased cardiac risk.
4. Vascular, thoracic, upper abdominal, and major orthopedic open procedures are associated with the highest cardiac risk.
In the Department of Veterans Aﬀairs surgical database of more than
80,000 veterans reported in 1995, cardiac complications were prevalent in
this older population. The overall 30-day mortality rate was 3.1% and cardiac complications occurred in 4.5%, with myocardial infarction occurring
in 0.7%, cardiopulmonary resuscitation required in 1.5%, and 2.3% experiencing pulmonary edema [1]. Thus, estimation of perioperative cardiac risk
and eﬀorts to minimize that risk may eliminate postoperative cardiac
complications.
Preoperative cardiac evaluations clearly provide beneﬁts resulting in improved morbidity and mortality. Information learned from a cardiac risk assessment helps in providing informed consent to patients, may assist in
improving a patient’s condition to lower the risk of perioperative morbidity
and mortality, and assists the surgeon in selecting the best candidates for an
operation. On the other hand, additional testing associated with cardiac risk
assessment may be unnecessary, ineﬀective or harmful, or may delay surgical treatment, which may lead to a decline of a patient’s physical or emotional condition. However, clinical cardiac risk screening via a thoughtful
history of exercise tolerance and level of daily physical activity can stratify
patients into low- and high-risk categories, making it possible to accurately
identify those patients in the intermediate- or high-risk categories who might
beneﬁt from noninvasive or invasive cardiac testing [2].
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The challenge to surgeons and their medical colleagues is to identify those
patients who need perioperative cardiac risk assessment. Many patients do
not require cardiac evaluation. For example, evidence does not support an
in-depth cardiac evaluation for patients who are having minor surgery under
local anesthesia and who have no pre-existing medical problems, or who
have had recent normal cardiac studies and no new symptoms [3]. Certainly,
however, other noncardiac problems (eg, pulmonary, renal, neurological
problems) may need to be addressed before surgery in these patients.
The process of cardiac risk assessment begins with a thorough history
and physical examination. Speciﬁc items to include in the history are listed
in Box 1.
Signiﬁcant abnormalities on baseline diagnostic tests include ECG abnormalities, signs of pulmonary edema on chest radiograph, abnormal blood
tests, and abnormal blood. Table 1 shows a modiﬁed cardiac risk index,
which stratiﬁes patients into low-, intermediate- and high-risk categories [4].
The American College of Cardiology and the American Heart Association (ACC/AHA) recently published an update to the Guideline for Perioperative Cardiovascular Evaluation for Noncardiac Surgery [5]. Clinical
predictors of increased perioperative cardiovascular risk compiled in the
guideline are listed in Box 2. Implementation of the ACC/AHA guidelines

Box 1. Information for patient’s history in assessing cardiac risk
 the patient’s age
 history of myocardial infarction
 previous coronary revascularization
 episodes of congestive heart failure
 cerebrovascular disease
 hypertension
 heart murmur
 diabetes
 lung disease
 type of surgery indicated (emergency or not)
 anesthesia type
 previous problems with surgery or anesthesia
Physical findings of significance include:
 abnormal heart rate and rhythm
 abnormal blood pressure
 jugular venous distension
 presence of an S3 heart sound
 heart murmur
 signs of obstructive pulmonary disease
 presence of peripheral vascular disease
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Table 1
Modiﬁed cardiac risk index
Assessment

Variable

Points

History

Emergency surgery
10
AgeO70 years
5
MI!6 months ago
20
MIO6 months ago
10
Angina classa
Class III
10
Class IV
20
Physical examination Suspected critical aortic stenosis
20
History and laboratory Poor general medical status, deﬁned as any of:
pO2!60 mmHg, pCO2O50 mmHg, Kþ!3 mmol/L
5
BUNO50 mmol/L, creatinineO2 mg/dL, bedridden
5
Electrocardiogram
Arrhythmias
rhythm other than sinus or sinus plus atrial premature beats 5
O5 premature ventricular contractions
5
Chest radiograph
Alveolar pulmonary edema
Within 1 week
10
Ever
5
Total: add points
Class I, 0–15 points represent low-to-intermediate risk; class II, 16–30 points; class III, O30
points. Classes II and III represent high-risk categories.
Abbreviations: BUN, blood urea nitrogen; MI, myocardial infarction; pCO2, partial pressure of carbon dioxide; pO2, partial pressure of oxygen.
a
Canadian Cardiovascular Society classiﬁcation of angina: 0, asymptomatic; I, angina with
strenuous exercise; II, angina with moderate exertion; III, angina with walking one-to-two
blocks or climbing one ﬂight of stairs or less at a normal pace; IV, inability to perform any
physical activity without developing angina.
Adapted from Detsky AS, Abrams HB, McLaughlin JR, et al. Predicting cardiac complications in patients undergoing non-cardiac surgery. J Gen Intern Med 1986;1:211–9; with
permission.

for cardiac risk assessment before noncardiac surgery in an internal medicine preoperative assessment clinic led to a more appropriate use of preoperative stress testing and beta-blocker therapy while preserving a low rate of
cardiac complications [6].
Once a patient’s risk is determined, then decisions regarding further diagnostic testing can be made. For example, patients with intermediate risk
might need further clariﬁcation of risk and additional testing, depending
on the type of planned operation. For example, total hip arthroplasty,
a high-risk procedure, might call for further clariﬁcation of risk, while a cataract extraction, a low-risk procedure, would not. The classiﬁcation of cardiac risk stratiﬁcation for noncardiac surgical procedures is listed in Box 3.
Patients at high risk, such as a patient with a murmur of aortic stenosis,
which carries great risk, will deﬁnitely need additional testing, such as echocardiography [7], dipyridamole myocardial stress perfusion imaging [8], traditional exercise stress testing [9], or coronary angiography [10].
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Box 2. Clinical predictors of increased perioperative
cardiovascular risk leading to myocardial infarction, heart failure,
or death
Major
1. Unstable coronary syndromes
 Acute or recent myocardial infarction with evidence of
important ischemic risk by clinical symptoms or
noninvasive study
 Unstable or severe angina (Canadian class III or IV)
2. Decompensated heart failure
3. Significant arrhythmias
 High-grade atrioventricular block
 Symptomatic ventricular arrhythmias in the presence of
underlying heart disease
 Supraventricular arrhythmias with uncontrolled ventricular
rate
4. Severe valvular disease
Intermediate
1. Mild angina pectoris (Canadian class I or II)
2. Previous myocardial infarction by history or pathological
evidence
3. Q waves
4. Compensated or prior heart failure
5. Diabetes mellitus (particularly insulin-dependent)
6. Renal insufficiency
Minor
1. Advanced age
2. Abnormal ECG (eg, left ventricular hypertrophy, left bundle
branch block, ST-T abnormalities)
3. Rhythm other than sinus (eg, atrial fibrillation)
4. Low functional capacity (eg, inability to climb one flight of
stairs with a bag of groceries)
5. History of stroke
6. Uncontrolled systemic hypertension
Data from Eagle KA, Berger PB, Calkins, et al. ACC/AHA guideline update
for perioperative cardiovascular evaluation for noncardiac surgerydexecutive
summary. A report of the American Heart Association Task Force on Practice
Guidelines (Committee to Update the 1966 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery). Anesth Analg 2002;94:1052–64.
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Box 3. Cardiac riska stratification for noncardiac surgical
procedures
High (reported cardiac risk often >5%)
 Emergent major operations, particularly in the elderly
 Aortic and other major vascular surgery
 Peripheral vascular surgery
 Anticipated prolonged surgical procedures associated with
large fluid shifts and blood loss
Intermediate (reported cardiac risk generally <5%)
 Carotid endarterectomy
 Head and neck surgery
 Intraperitoneal and intrathoracic surgery
 Orthopedic surgery
 Prostate surgery
Low (reported cardiac risk generally <1%)
 Endoscopic procedures
 Superficial procedure
 Cataract surgery
 Breast surgery
a
Combined incidence of cardiac death and nonfatal myocardial infarction.
Data from Eagle KA, Berger PB, Calkins, et al. ACC/AHA guideline update for
perioperative cardiovascular evaluation for noncardiac surgerydexecutive
summary. A report of the American Heart Association Task Force on Practice
Guidelines (Committee to Update the 1966 Guidelines on Perioperative
Cardiovascular Evaluation for Noncardiac Surgery). Anesth Analg 2002;94:
1052–64.

Interventions to decrease high perioperative cardiac risk are especially
necessary in patients for whom the high cardiac risk poses a greater threat
to the patient’s livelihood than that posed by the noncardiac surgical problem. Stated diﬀerently, treating the cardiac condition is more urgent than
treating the noncardiac surgical condition. Ultimately, the decision to undergo a cardiac intervention (eg, angioplasty, stenting) or coronary revascularization should be based on the same clinical grounds that determine the
need for these interventions in the nonoperative setting.
Consideration for other interventions to optimize cardiac function should
also be given to the patient at high risk for cardiac complications. Betablocker therapy will reduce mortality and other nonfatal cardiac events in
patients at risk or who have known coronary artery disease, or those patients who are older than 65 years of age and who have hypertension, diabetes, or elevated cholesterol [11]. Use of perioperative pulmonary artery

PREOP EVALUATION

1067

catheterization to monitor hemodynamic status is helpful to improve cardiac function and reduce complications in patients who have history of congestive heart failure, who will sustain signiﬁcant blood loss during the
procedure (eg, hip arthroplasty), or who will sustain signiﬁcant ﬂuid shifts
because of prolonged operating time (eg, Whipple procedure) [12]. Perioperative epidural anesthesia in patients with hip fractures reduces cardiac
events and complications signiﬁcantly [13]. Maintaining normal body temperature perioperatively in elderly patients undergoing major surgery reduces postoperative morbid cardiac events [14].

Preoperative pulmonary risk assessment
Pulmonary complications are as likely as cardiac complications to cause
perioperative mortality and to prolong hospital conﬁnement [15]. In
a case-control study of patients having elective abdominal aortic surgery,
pulmonary complications were 2.6 times more common than cardiac complications. Also, pulmonary complications were more likely to be severe, and
mortality was equally likely to be from pulmonary as from cardiac complications. Also, in another study of patients age 70 years or older with pulmonary
complications, only pulmonary and renal complications predicted long-term
mortality during 2 years of follow-up [16]. Therefore, surgeons must determine the risk of postoperative pulmonary complications as part of routine
preoperative evaluation. By doing so, surgeons identify patients who may
beneﬁt from strategies to reduce risk of clinically signiﬁcant pulmonary complications, including pneumonia, atelectasis, bronchospasm, prolonged mechanical ventilation, and an exacerbation of pre-existing chronic lung
disease.
In general, surgeons determine the risk of postoperative pulmonary complications by performing a thorough history and physical examination, and
in certain circumstances, surgeons also perform spirometry and additional
laboratory testing. Determination of a patient’s general health status using
the American Society of Anesthesiologists (ASA) Physical Status [17] is an
excellent predictor of perioperative mortality and is a useful tool to determine pulmonary risk (Table 2). Patients with an ASA class greater than II
have a 1.5- to 3.2-fold increased risk of pulmonary complications [18].
Other speciﬁc factors to consider are detailed. The age of a male patient
was shown to be a minor predictor of pulmonary risk in the Department of
Veterans Aﬀairs National Surgical Quality Improvement Program (NSQIP)
[19]. The presence of chronic obstructive pulmonary disease (COPD) is the
most important patient-related risk factor for developing pulmonary complications postoperatively. A patient with COPD has a 6% to 28% risk of
developing pulmonary complications, depending on the severity of airﬂow
obstruction [18], which cannot be stratiﬁed more precisely than ‘‘high,’’
‘‘moderate’’ or ‘‘low.’’ Smoking is a signiﬁcant risk factor. Smokers have
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Table 2
American Society of Anesthesiologists (ASA) physical status classiﬁcation
ASA Class

Description of Patient Characteristics

I
II
III
IV

A normal healthy patient
A patient with mild systemic disease
A patient with severe systemic disease that is not incapacitating
A patient with an incapacitating systemic disease that is a constant threat
to life
A moribund patient who is not expected to survive 24 hours with or
without an operation
Suﬃx to indicate an emergency operation for any ASA class of patient

V
E

a 1.4- to 4.3-fold greater risk of pulmonary complications than do patients
who have never smoked [18]. In patients with asthma and other reversible
airways obstruction, risk is increased only if the patient is actively wheezing
or if the peak airway ﬂow is !80% of personal best or predicted [20]. Inquiring about exercise capacity is an important part of pulmonary risk
assessment. In a questionnaire study of 600 patients having noncardiac
surgery, patients who admitted they could not walk four blocks were
9.0% more likely to have pulmonary complications than those able to
walk four blocks. Meanwhile, patients who admitted that they could not
climb two ﬂights of stairs were 6.3 percent more likely to have pulmonary
complications than were patients who could [21]. The increased likelihood
of pulmonary complications for these patients was modest but statistically
insigniﬁcant. Direct observation of patients, however, yielded more signiﬁcant results. Those who could climb four ﬂights of stairs had an 11% pulmonary complication rate while those who could climb only three or
fewer ﬂights had a 52% complication rate [22].
Generally, obesity should not be considered a major risk factor for postoperative pulmonary complications [18] after gastric bypass surgery [23],
laparoscopic cholecystectomy [24], or cardiac surgery [25]. Likewise, obstructive sleep apnea is a minor risk factor, primarily related to the period
of highest risk, typically during intubation. The patient with obstructive
sleep apnea may require ﬁber-optic intubation. Thus, expertise in such intubation should be readily available. Sleep apnea also may be associated with
unplanned or prolonged ICU stays [26].
Certain noncardiac and nonpulmonary surgical procedures are associated with increased risk of postoperative pulmonary complications. These
complications are rare following procedures not related to the chest and abdomen. Risk of postoperative pulmonary complications increases as the incision approximates the diaphragm [18]. Upper-abdominal procedures have
higher risk than lower-abdominal procedures [18] and laparoscopic procedures [27]. The duration of an operation is important in determining risk
of postoperative pulmonary complications, which increases signiﬁcantly in
procedures lasting more than 3 hours [18].
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Surgeons should consider performing preoperative spirometry (also
known as pulmonary function tests) only in patients with a history of smoking or COPD, or those with unexplained symptoms that may stem from undiagnosed pulmonary disease. Spirometry includes measurement of forced
expiratory volume in one second (FEV1) and forced vital capacity (FVC).
Alternatively, surgeons should not routinely perform spirometry before surgery, even in patients having a high-risk procedure, unless there is a speciﬁc
indication as deﬁned previously. In a study among smokers having abdominal surgery, those smokers with an FEV1 of !40% have a higher incidence
of bronchospasm, but no increased risk of prolonged mechanical ventilation, ICU stay, or death [28]. While no evidence supports this practice, surgeons should consider withholding preoperative spirometry in patients with
known COPD or asthma except when clinical evaluation cannot establish
whether a patient is in optimal condition or if information suggests deterioration of a condition since a previous spirometry.
Preoperative arterial blood gas is useful to evaluate for preexisting hypoxia or hypercarbia. If signiﬁcant hypercarbia exists preoperatively, then
high FiO2 concentrations should be avoided in the perioperative period. Unusual preoperative blood gas levels should not be a reason to deny surgery.
A study of high-risk patients having lung resection found that PaCO2 did
not predict postoperative pulmonary complications [29]. Other metabolic
factors, such as renal function (measured by blood urea nitrogen (BUN))
and nutritional status (measured by serum albumin), have been shown to inﬂuence the risk of postoperative pulmonary complications. Levels of BUN
O30gm/dL and serum albumin !3.0 gm/dL were moderate predictors of
pulmonary risk, with odds ratios for respiratory complications of 2.29 and
2.53, respectively [19].
Several non-drug interventions are known to decrease risk of postoperative pulmonary complications. Patients who stop smoking at least 8 weeks
before an elective operation have a signiﬁcantly lower risk of postoperative
pulmonary complications than those who continue to smoke or who stop
smoking fewer than 8 weeks before surgery. The risk of pulmonary complications is greater among recent quitters (!8 weeks) and current smokers
[30]. Other ways to reduce risk include modiﬁcation of the surgical approach
to limit the procedure to less than 3 hours [16], the use laparoscopic techniques if possible [27], and the use of less ambitious surgical procedures in patients at high risk. Lung expansion maneuvers have been shown to reduce
risk of postoperative pulmonary complications, especially if patients are instructed in the use of these maneuvers before surgery [31].
In patients with asthma or COPD, surgeons should reduce and optimize
treatment for airﬂow obstruction. Patients who are not at their personal best
baseline or whose peak ﬂow is !80% of predicted should be treated with
bronchodilators or a short course of steroids [20]. Also, surgeons should
consider for preoperative chest physical therapy patients who have a) an ineﬀective cough and copious upper airway secretions, b) persistent sputum
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production despite other therapies, and c) poor functional capacity because
of exertional dyspnea. Indications for preoperative treatment of bacterial
bronchitis or pneumonia with antibiotics are identical to those for patients
who have asthma or COPD and are not preparing for an operation [18].
Surgeons often assume during daily visits to hospitalized patients that
treatment is adequate for addressing postoperative pain to reduce postoperative pulmonary complications. However, sometimes surgeons ﬁnd that patients, fearing signiﬁcant pain and or muscle spasm in or around the surgical
wound, are splinting the chest, abdomen or diaphragm to avoid stretching
an abdominal or chest incision. This splinting impairs deep breathing and
contributes to reduced lung expansion. Several measures, in addition to systemic narcotic or nonsteroidal analgesic medications, are useful to relieve
postoperative pain. These measures include epidural analgesia or intercostal
nerve blocks in high-risk patients undergoing thoracic, abdominal, or aortic
operations [32]. Additionally, providing patients with information and advice before an operation is valuable and important. Educating the patient
on what to expect and how to respond after the operation relieves anxiety.
The patient who is prepared well for a major operation and who has practiced various maneuvers to increase lung expansion should be better able to
perform these maneuvers after the operation. Close monitoring of patients
at high risk of postoperative pulmonary complications either in an ICU
or in another specialized hospital unit capable of readily and expeditiously
assisting these patients helps prevent pulmonary complications and improve
results and outcomes.
Preoperative assessment of renal and hepatic dysfunction and other
comorbidities
Surgeons must perform focused reviews of systems to expand on known
comorbid conditions and detect other undiagnosed medical conditions that
predict perioperative morbidity and mortality. Renal dysfunction is often
asymptomatic and is a signiﬁcant predictor of perioperative cardiac morbidity [33] and pulmonary complications [19]. As a result, routine testing of renal function in patients who are over 50 years old and who are having major
surgery is reasonable and worthwhile. Hepatic dysfunction related to alcoholic liver disease, cirrhosis, or nutritional deﬁcits is an important predictor
of poor outcome after major surgery. Several older observational studies
show that surgery during acute hepatitis is associated with O10% mortality
rate. Many studies have shown that the presence and severity of cirrhosis,
usually alcohol-related, predicts poor perioperative outcome in abdominal
and other types of surgery [34].
Malnutrition, as manifested by decreased serum albumin levels, is a powerful predictor of perioperative morbidity. In a study of the Department of
Veterans Aﬀairs NSQIP database of 50,000 veterans undergoing surgery,
evidence of hypoalbuminemia was the largest predictor of perioperative
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morbidity after adjusting for other factors predicting poor outcome [35].
Other Department of Veterans Aﬀairs studies using the NSQIP database
have shown that preoperative serum albumin and ASA Physical Status
(see Table 2) were the preoperative variables most consistently predictive
of 30-day operative morbidity and mortality in all eight individual surgical
specialties studied, including general surgery, orthopedic surgery, urology,
vascular surgery, neurosurgery, otolaryngology, noncardiac thoracic surgery
and plastic surgery, and in all eight surgical specialties as a whole [36,37].
Uncontrolled diabetes mellitus can lead to volume depletion and hyperosmolar states and contribute to poor wound healing. In 100 diabetic patients undergoing abdominal or cardiac surgery, a single serum glucose
level O220 mg/dL on the ﬁrst postoperative day was predictive of subsequent infection [38]. In a randomized trial conducted in ICU patients, of
which two thirds had cardiac surgery, those patients randomly receiving
intensive insulin therapy for glucose levels O110 mg/dL had 46% fewer
episodes of multiorgan failure from sepsis. Also, the mortality rate decreased from 10.9% to 7.2% [39].
Tobacco use increases risk of perioperative pulmonary complications.
Smoking increased the rate of pulmonary complications ﬁvefold in a prospective study of 400 patients having elective surgery [40]. Risk of pulmonary
complications reaches its lowest level after 8 weeks of tobacco abstinence,
as shown in a study of 200 patients having coronary bypass surgery [30].
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Anesthetic Choices in Surgery
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Room N-204, Lexington, KY 40536

The type and location of surgical procedure may limit anesthetic techniques and choice of anesthetic agents. Available techniques depend on several factors (Box 1) presenting three basic anesthetic options: regional
anesthesia, including subarachnoid block, epidural anesthesia, and peripheral
nerve block; monitored anesthesia care (MAC); and general anesthesia.
Regional anesthesia (eg, an epidural) may be combined with general anesthesia. Following preoperative evaluation (See article by Joehl elsewhere in
this issue.), which should include an assessment of potential problems in
airway management, suﬃcient information should be available to permit
the selection of the most suitable anesthetic technique. Whole textbooks
have been written concerning anesthetic techniques. Because of space limitations, this chapter will brieﬂy discuss anesthetic techniques available for
the surgical patient with comments on some of the latest techniques, including peripheral nerve blocks, airway adjuncts, so-called ‘‘fast-track’’
anesthetics, and advances in technology.

Anesthetic techniques
Regional anesthesia
Among the options for regional anesthesia (Table 1), subarachnoid block
and epidural anesthesia are most eﬀective for abdominal, perineal, and lowerextremity surgery. Commonly aggregated under the heading ‘‘neuraxial anesthesia,’’ subarachnoid block and epidural anesthesia may be administered
as either single-shot or continuous techniques and may include opioids as
well as local anesthetics. Patients who are anticoagulated, including those
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Box 1. Anesthetic choices in surgery
1) Factors in selection
a) Requirements of surgery (including type and location)
b) Anesthesiologist’s experience and expertise
c) Patient preference
d) Surgeon preference
2) Anesthetic choices
a) Regional anesthesia
 Surgical procedure in appropriate location (eg, extremities,
lower abdomen, perineum, urinary tract)
 Subarachnoid, epidural or peripheral nerve blocks
b) Monitored anesthesia care
 Particular patient or procedure requires higher doses of
sedative medications
 Coexistent diseases require close monitoring, which may
include hemodynamic or ventilator support
c) General anesthesia
 Required because of location of surgical procedure (eg,
upper abdominal thoracic procedures, spine, head and
neck)

taking low-molecular heparins and antiplatelet drugs, have a contraindication for neuraxial anesthesia because of epidural hematoma risk.
Blockade of the brachial plexus, lumbar plexus, and speciﬁc peripheral
nerves oﬀers certain advantages over other techniques. Those advantages include postoperative analgesia and fewer systemic physiologic changes. Carotid endarterectomy may be done with peripheral nerve blocks using
superﬁcial and deep cervical plexus blocks, thus permitting awake neurological assessment. Upper- and lower-extremity procedures may require regional
blocks, which provide anesthesia for the speciﬁc nerve or nerves involved.
These blocks can be used alone or in combination with other peripheral
nerve blocks to provide surgical anesthesia.
Increasingly favored over injections of local anesthetic, the use of these
techniques involving regional anesthesia continues to increase, as advances
in nerve stimulators [1] and ultrasound guidance [2,3] devices aid in making
blocks more successful while reducing the likelihood of complications
(Table 2). New technologies are also permitting continuous catheter techniques [4,5] that prolong surgical anesthesia and postoperative analgesia.
However, the performance of these peripheral nerve blocks requires an anesthesiologist skilled in these techniques as well as a cooperative patient and
surgeon.
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Table 1
Common regional anesthetic techniques by surgical site
Surgical site
Upper extremity

Appropriate nerve block
Upper Arm including shoulder
Arm, elbow, forearm

Lower forearm, wrist, hand
Hand, metacarpal

Lower extremity

Digits
Entire extremity including hip
Hip, anterior thigh

Knee, lower leg, foot
Lower leg, ankle and foot

Abdomen

Digits
Lower abdomen, pelvic viscera
Inguinal region

Perineum and urinary tract

Head and neck

Midface, upper and lower jaw
discrete surgical procedures
Cervical plexus (C2 to C4) (eg
carotid endarterectomy)

Interscalene brachial plexus nerve
block,
Infraclavicular or supraclavicular
brachial plexus nerve block or
Bier block
Axillary nerve block, elbow block,
Bier block
Axillary block, wrist block, elbow
block
Wrist block, digital block
Subarachnoid block, lumbar
epidural
Femoral, obturator and lateral
femoral cutaneous nerve (3 in 1)
block
Sciatic and 3-in-1 nerve block
Common peroneal and tibial nerve
block, saphenous nerve and
ankle block, bier block
Metatarsal block, digital block
Subarachnoid block, lumbar
epidural block
Ilioinguinal and iliohypogastric
nerve blocks, subarachnoid
block, lumbar epidural block
Pudendal nerve block, paracervical
nerve block, penile block,
subarachnoid block, lumbar
epidural block
Maxillary and mandibular nerve
blocks
Superﬁcial and deep cervical plexus
blocks

Monitored anesthesia care
MAC involves patient monitoring with the surgeon providing local anesthesia and the anesthesia personnel providing supplemental sedation as required. Anesthesia personnel are usually required to provide MAC when
a particular patient or procedure requires higher doses of sedative medication or when coexistent diseases require closer monitoring. A propofol infusion in sedative doses is now often used for MAC, but must be
administered cautiously because its eﬀects are additive with other agents
and may result in deeper levels of sedation with potential general anesthetic
induction in higher doses. In contrast to MAC, conscious sedation occurs
when nonanesthesia personnel provide moderate sedation while the patient
receives a local anesthetic injection at the site of the procedure. Conscious
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Table 2
Complications of upper extremity blocksa
Block

Potential complications

Interscalene block

Respiratory compromise
Pneumothorax
Epidural or intrathecal injection
Respiratory compromise
Pneumothorax
Horner’s syndrome neuropathy
Pneumothorax
No risk of pneumothorax
Accidental early tourniquet deﬂation
Local anesthetic
Phlebitis
Compartment syndrome
Loss of limb

Supraclavicular block

Infraclavicular
Axillary
Bier block (Intravenous regional block)

a
Nerve damage or neuritis, although uncommon, can occur with any peripheral nerve
block. This complication is usually self-limited. Local anesthetic toxicity as a result of infraclavicular injection may occur.

sedation requires patient responsiveness to stimulation (verbal or tactile),
maintaining a patent airway without assistance, and cardiovascular
stability.
Because sedation is a continuum, one cannot always predict how an individual will respond to certain medications, especially propofol. Even
when administered for moderate or light sedation, propofol can rapidly
cause profound changes in depth of sedation, resulting in deep sedation
or general anesthesia with no speciﬁc antagonist medication available. For
this reason, nonanesthesia personnel administering propofol should be proﬁcient in airway management and advanced life support to rescue a patient
from a level of sedation that is deeper than intended. A recent package insert
for Diprivan-brand propofol carried the following warning:
For general anesthesia or monitored anesthesia care sedation, DIPRIVAN
Injectable Emulsion should be administered only by persons trained in the
administration of general anesthesia not involved in the conduct of the surgical/diagnostic procedure. Patients should be continuously monitored, and
facilities for maintenance of a patent airway, artiﬁcial ventilation, and oxygen enrichment and circulation resuscitation must be immediately
available.

General anesthesia
With advances in minimally invasive surgical techniques and a rising
number of oﬃce-based procedures, more ambulatory surgeries are taking
place. This trend has been one of the most important factors in altering anesthetic practices. Increasingly, anesthetic practices must accommodate
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surgical conditions that call for a rapid recovery phase, including early
emergence from anesthesia and faster patient return to normal function.
Fast-tracking after ambulatory surgery entails taking the patient directly
from the operating room to the surgery day unit, thus bypassing the postanesthesia care unit (PACU). Fast-tracking may also call for simply discharging the patient from the PACU to home [6,7]. This concept of fast-tracking
spans the spectrum of anesthesia as it applies to procedures requiring postoperative hospitalization (eg, cardiac surgery), allowing earlier discharge [8].
The trend toward fast-tracking has led to the development of anesthetic
agents that enable shorter recovery phases. Such agents include the inhalation agents sevoﬂurane and desﬂurane, and shorter-acting induction agents,
such as propofol. Two of the limiting factors in fast-tracking are postoperative pain, nausea, and vomiting. For information in greater detail see the
article about postoperative pain by Cohen and Schechter and the article
about postoperative nausea and vomiting by Williams elsewhere in this
issue.
Isoﬂurane, sevoﬂurane, and desﬂurane [9] are common inhalation agents
for general anesthesia. Halothane and enﬂurane are used less commonly because halothane is associated with side eﬀects aﬀecting the heart and liver,
and enﬂurane is associated with renal dysfunction. Isoﬂurane has a slower
uptake and elimination than sevoﬂurane or desﬂurane and is frequently
used in longer cases in part because shorter-acting inhalation agents cost
more. Compared with isoﬂurane, sevoﬂurane is associated with a faster
emergence and is more suitable for inhalation induction. Sevoﬂurane has
been associated with emergence delirium, which appears to be inversely related to age and is most frequent in children 5 years old or younger. Desﬂurane has the fastest recovery of inhalation agents but is associated with
tachycardia and hypertension. Also, its pungent odor makes it undesirable
for use in inhalation induction.
Propofol is commonly used not only because its short-duration characteristics dovetail with fast-tracking [9], but also because of its antiemetic properties. Propofol is often used when administering total intravenous
anesthesia (TIVA), during which inhalation agents are avoided. Postoperative high-dose infusions can lead to propofol infusion [10] syndrome, which
causes severe and potentially life-threatening metabolic acidosis. First reported in children, this complication is more common in critically ill children. However, it does also occur in critically ill adults [11]. Although two
cases of lactic acidosis attributed to intraoperative propofol have recently
appeared in the literature [12], speculation has been raised as to whether
propofol was causative [13].
Although TIVA may include propofol, many diﬀerent combinations of
other intravenous agents, including benzodiazepines and opioids [14], are
also available. Indications for TIVA include a history of malignant hyperthermia, a disorder speciﬁc to anesthesia. TIVA is useful in such cases because it avoids potential triggering inhalation agents and succinylcholine.
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Because TIVA is more costly to administer than anesthesia using inhalation
agents, TIVA is often limited to speciﬁc indications or short cases.
One of the latest intravenous sedatives, dexmedetomidine, is a highly selective alpha-2 adrenergic agonist that has been described as an adjunct to
reduce other anesthetic requirements during anesthesia [15]. So far, the
Food and Drug Administration has approved the sedative only for brief periods (!24 hours) of postoperative sedation. Although dexmedetomidine
has excellent sedative properties, high incidence of bradycardia associated
with its administration limits its usefulness [16,17].

Airway adjuncts
Airway management is a crucial skill in anesthetic management, requiring facility with a variety of techniques to establish an airway. The American
Society of Anesthesiologists has developed a diﬃcult-airway algorithm [18]
for cases where a diﬃcult intubation is anticipated and for cases where such
diﬃculties are unexpected (Box 2; Fig. 1). Although all of the various airway

Box 2. Guideline for managing difficult airways
1. Assess the likelihood and clinical impact of basic
management problems.
a. Difficult ventilation
b. Difficult intubation
c. Difficulty with patient cooperation or consent
d. Difficult tracheostomy
2. Pursue opportunities to deliver supplemental oxygen
throughout the process of difficult airway management.
3. Consider the relative merits and feasibility of basic
management choices.
a. Awake intubation versus intubation attempts after
induction of general anesthesia
b. Noninvasive techniques for initial approach to intubation
versus invasive technique for initial approach to intubation
c. Presentation of spontaneous ventilation versus ablation of
spontaneous ventilation
4. Develop primary and alternative strategies.
From American Society of Anesthesiologists Task Force on Management of
the Difficult Airway. Practice guidelines for management of the difficult airway:
an updated report by the American Society of Anesthesiologists Task Force on
Management of the Difficult Airway. Anesthesiology 2003;98(5):1269–77; with
permission.
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Fig. 1. (A) Algorithm for awake intubation. (B) Algorithm for intubation after induction of
general anesthesia. (a) Other options include surgery using face mask or laryngeal mask airway
anesthesia, local anesthesia inﬁltration, or regional nerve blockade. The choice of any of these
options usually implies that mask ventilation will not be problematic. Therefore, these options
may be of limited value if this step in the algorithm has been reached via the emergency pathway. (b) Invasive airway includes surgical or percutaneous tracheostomy or cricothyrotomy. (c)
Alternative noninvasive approaches to diﬃcult intubation include the use of diﬀerent laryngoscope blades, a laryngeal mask airway device as an intubation conduit (with or without ﬁberoptic guidance), ﬁber-optic intubation, an intubating stylet or tube changer, a light wand,
retrograde intubation, and blind oral or nasal intubation. (d) Consider re-preparing the patient
for awake intubation or canceling surgery. (e) Options for emergency noninvasive airway ventilation include the use of a rigid bronchoscope, esophageal-tracheal Combitube ventilation, or
transtracheal jet ventilation. (From American Society of Anesthesiologists Task Force on Management of the Diﬃcult Airway. Practice guidelines for management of the diﬃcult airway: an
updated report by the American Society of Anesthesiologists Task Force on Management of the
Diﬃcult Airway. Anesthesiology 2003;98(5):1269–77; with permission.)
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Fig. 2. LMAsÔ are available in diﬀerent sizes for use in pediatric and adult populations.

adjuncts are beyond the scope of this chapter, some of the newer airway adjuncts are discussed, including the laryngeal mask airway (LMA) device
(Fig. 2), the esophageal-tracheal Combitube, and the intubating lighted stylet or light wand.
One of the most important recent advances in airway management is the
LMA (Fig. 3) because placement does not require direct visualization of the
vocal cords (Fig. 4). When correctly placed, an LMA can allow ventilation.
LMAs, which do not protect against aspiration, come in diﬀerent sizes for
pediatric and adult use. Modiﬁcations of the LMA have led to the development of an intubating LMA (Fig. 5), through which a specialized endotracheal tube is passed without direct visualization (Figs. 6 and 7) or with the

Fig. 3. Components of an LMAÔ. (Courtesy of LMAÔ North America, Inc., San Diego, CA;
with permission.)
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Fig. 4. Dorsal view of an LMAÔ showing correct pharyngeal position. (Courtesy of LMAÔ
North America, Inc., San Diego, CA; with permission.)

aid of a ﬁber-optic bronchoscope. In a patient who cannot be ventilated by
mask or LMA, nor be endotracheally intubated, a surgical airway made
via a cricothyroidotomy or tracheostomy may be required to save the
patient’s life.

Fig. 5. Components of an intubating LMAÔ.
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Fig. 6. Insertion of specially designed endotracheal tube through intubating LMAÔ.

A CombitubeÒ (Fig. 8), placed without vocal-cord visualization, is a double-lumen airway with two inﬂatable balloons. One lumen contains ventilating side holes at the pharynx level and is closed at the distal end, while the
other lumen is patent with a cuﬀ similar to an endotracheal tube (Fig. 9). If
the tube is placed into the trachea (Fig. 10), the smaller cuﬀ is inﬂated. If the
tube is placed in the esophagus (see Fig. 9), the second larger pharyngeal

Fig. 7. Insertion technique for intubating LMAÔ with passage of specially designed endotracheal tube. E, epiglottis; EEB, epiglottic elevating bar; ETT, endotracheal tube. (Courtesy of
LMAÔ North America Inc., San Diego, CA; with permission.)
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Fig. 8. CombitubeÒ with oropharyngeal and distal cuﬀs inﬂated.

balloon is inﬂated, which isolates the oropharynx from the hypopharynx,
permitting ventilation.
The lighted stylet or light wand [19] (Fig. 11) is positioned within an endotracheal tube and then placed in the posterior pharynx. Tracheal entry is
conﬁrmed by visualization of a red translucency in the neck. Once this red
translucency is apparent, the endotracheal tube is advanced and the stylet is
removed. Endotracheal tube placement is then conﬁrmed with standard
methods. Because visualization of the tracheal transillumination requires
a darkened room, this technique may not always be practical.

Fig. 9. CombitubeÒ in esophageal position that occurs most commonly with placement. (Courtesy of Mallinckrodt Incorporated, Pleasanton, CA; with permission. CombitubeÒ is a registered
trademark of Tyco Healthcare Group LP.)
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Fig. 10. CombitubeÒ in tracheal position. (Courtesy of Mallinckrodt Incorporated, Pleasanton,
CA; with permission. CombitubeÒ is a registered trademark of Tyco Healthcare Group LP.)

Anesthetic technology and monitoring developments
In addition to continuous developments concerning catheters with peripheral nerve blocks, other developments related to anesthetic technology
include improvements in infusion devices, such as target-controlled infusion
pumps, and intraoperative anesthetic monitoring advances, as represented
by depth-of-anesthesia monitors and the expanded use of transesophageal
echocardiography (TEE). Target-controlled infusion pumps for propofol
are commercially available in most parts of the world, but, at the time of
publication, not North America. These infusion systems enable anesthesia
personnel to select the target blood concentration for a particular eﬀect
and then control depth of anesthesia by adjusting the requested target blood
concentration to account for such variables as patient response and type of
surgery. This system, based on pharmacokinetic models, delivers an intravenous infusion with the goal of maintaining a constant level of anesthetic
drug [20]. Further developments in the area of target-controlled infusions
continue.
Anesthesiologists have always been concerned about patient awareness
with recall of intraoperative events. This concern has prompted numerous
attempts to develop a reliable monitor for depth of anesthesia. Currently
under development are monitors that that record and process the electroencephalographic or auditory evoked potentials. Other monitors in development are designed to detect changes in autonomic function. All currently
available depth-of-anesthesia monitors have some limitations and have
not proven eﬀective for all populations. The bispectral index (BIS) is one
of the more commonly used commercially available depth-of-anesthesia
monitors. The BIS is a derived index from electroencephalographic
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Fig. 11. Light-guide intubation involves transillumination of the neck’s soft tissues. A bright,
well-deﬁned, circumscribed glow is seen anteriorly when the endotracheal tube with the light
wand enters the glottic opening. If the glow is not well circumscribed or not seen, the light
wand has entered the esophagus. (Courtesy of Laerdal Medical Corporation Wappingers Falls,
NY; with permission. Ó 2005 Laerdal Medical Corporation.)

parameters. The index generates a linear dimensionless number ranging
from 0 to 100 with values between 40 and 60 recommended by its manufacturer as indicators of adequate depth of anesthesia. Questions surround
the reliability of the BIS, which may vary with the anesthetic agents
[21,22], and its cost-eﬀectiveness [23]. These issues are beyond the scope
of this article.
Intraoperative TEE is more sensitive than electrocardiography for detecting myocardial ischemia and has category I indications for evaluating a
hemodynamically unstable patient. Because of this higher sensitivity, intraoperative TEE can diﬀerentiate between myocardial ischemia, ventricular
failure, valvular dysfunction, hypovolemia, low systemic vascular resistance,
and cardiac tamponade. Originally used with cardiothoracic anesthesia,
TEE has taken on a role in noncardiac surgery as well. TEE interpretation
requires specialized training and TEE limitations include contraindication
to esophageal probe insertion (esophageal varices) and anatomic diﬃculties.
TEE technology now includes three-dimensional image construction
(Fig. 12), providing additional real-time information about volume status,
myocardial ischemia, regional wall abnormalities and valvular dysfunction.
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Fig. 12. Three-dimensional transesophageal echocardiography image.

Summary
Advances in technology and pharmacology continue to change techniques for anesthesia. Fast-track anesthesia has led to the development of
newer anesthetic agents and changes in anesthetic practice, including the increased use of regional anesthesia, techniques involving continuous plexus
catheters to improve postoperative analgesia, and TIVA. Technological advances now provide additional options for airway management when a diﬃcult airway is encountered and additional intraoperative monitoring with
depth-of-anesthesia monitors and transesophageal echocardiography. Future areas of development are anticipated to include target-controlled infusion pumps and techniques and medications that improve fast-track
anesthesia safely.
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Perioperative Issues:
Myocardial Ischemia and
Protection d Beta-Blockade
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Approximately one third of patients undergoing noncardiac surgery have
coronary artery disease (CAD), and cardiovascular complications are an important cause of perioperative morbidity and mortality [1,2]. Several algorithms are available to assess the risk for perioperative cardiac events.
The American College of Cardiology (ACC) and the American Heart Association (AHA) guidelines for perioperative cardiovascular risk assessment,
ﬁrst published in 1996 and updated in 2002, provide an eight-step algorithm
to determine the most appropriate cardiovascular workup and treatment
based on clinical assessment, cardiac testing, and the nature of the surgery
(Fig. 1) [3,4]. The Revised Cardiac Risk Index, developed by Lee et al.
[5], identiﬁed six independent factors associated with major cardiac complications: high-risk surgery, history of ischemic heart disease, history of congestive heart failure, history of cerebrovascular disease, insulin-requiring
diabetes mellitus, and serum creatinine level O2.0 mg/dL (Box 1). Although
preoperative risk assessment is useful in identifying patients at greatest risk
for cardiac complications, recent investigations have provided additional
guidance in choosing interventions to improve perioperative outcomes.
The results of the Coronary Artery Revascularization Prophylaxis
(CARP) trial were recently published [6]. This trial, a prospective study, randomized 510 patients with stable coronary disease to either coronary revascularization (coronary artery bypass grafting (CABG) or percutaneous
coronary intervention (PCI)) or medical therapy before undergoing major
vascular surgery. Two thirds of the enrolled patients had either one- or
two-vessel disease. Excluded from the study were patients who had unstable
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Has the patient undergone coronary Yes
revascularization within 5 years
without recurrent symptoms?

Proceed to surgery

No

Would you perform cardiac
catheterization or revascularization
if this patient was not having
elective surgery?

Yes

Proceed to
catheterization,
defer surgery

No
Perform revised cardiac risk index:
How many risk factors are present?
_3
>
β-blocker preoperatively,
then proceed to surgery

0

Proceed to surgery

1–2
β-blocker preoperatively, unless
contraindicated, then proceed to surgery

or
If β-blocker is contraindicated, consider one of the following:
cancel or defer surgery or preoperative DSE (if no ischemia, risk is low)

Fig. 1. Proposed clinical algorithm for risk stratiﬁcation. DSE, dobutamine stress echocardiography. (From Grayburn PA, Hillis LD. Cardiac events in patients undergoing noncardiac surgery: shifting the paradigm from noninvasive risk stratiﬁcation to therapy. Ann Intern Med
2003;138(6):506–11; with permission.)

coronary disease, left main coronary artery stenosis, severe left-ventricular
dysfunction, or severe aortic stenosis. Potentially beneﬁcial medications, including beta-blockers, antiplatelet agents, angiotensin-converting-enzyme
inhibitors, and statins, were widely used in both groups. For example,
84% of the patients in the revascularization group and 86% of the patients
in the medical therapy group received beta-blockers. The study found no
signiﬁcant diﬀerence in long-term outcome. After 2.7 years, mortality was
22% in the revascularization group and 23% in the non-revascularized
group. These data support the current ACC/AHA perioperative cardiovascular recommendations that the decision to perform coronary revascularization should be based on the same well-proven indications used in the
nonoperative setting [4,7,8]. When adequate perioperative medical therapy
is provided, patients who have stable coronary disease, speciﬁcally those
without left main coronary disease, severe left-ventricular dysfunction,
or severe aortic stenosis, do as well as patients treated with coronary
revascularization.
Coronary revascularization by CABG or PCI appears to be equally effective in the preoperative setting, although the timing of the subsequent
surgery is less well deﬁned. Most PCI procedures entail coronary stent
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Box 1. Factors associated with major cardiac complications
1. High-risk surgical procedure, including:
a. Intraperitoneal vascular reconstruction
b. Intrathoracic vascular reconstruction
c. Suprainguinal vascular reconstruction
2. History of ischemic cardiac diseasea, as indicated by any of the
following:
a. History of myocardial infarction
b. History of a positive exercise test
c. Current complaints of chest pain considered to be secondary
to myocardial ischemia
d. Use of nitrate therapy
e. ECG with pathological Q waves
f. Preoperative ECG ST-T wave changes (ST segment elevation,
depression or T-wave inversion) not associated with worse
cardiac outcomes
3. History of congestive heart failure defined as the presence of
any of the following:
a. History of congestive heart failure
b. Paroxysmal nocturnal dyspnea
c. Physical examination showing bilateral rales or S3 gallop
d. Chest radiograph showing pulmonary vascular redistribution
4. History of cerebrovascular disease, defined as either of the
following:
a. Stroke
b. Transient ischemic attack
5. Preoperative insulin therapy
6. Preoperative serum creatinine level >2.0 mg/dL
a
Prior coronary vascularization alone is not a criterion for ischemic heart
disease.
Data from Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and
prospective validation of a simple index for prediction of cardiac risk of major
noncardiac surgery. Circulation 1999;100(10):1043–9.

placement and require antiplatelet therapy to prevent stent thrombosis [9].
The stent is at higher risk of thrombosis until re-endothelialized. This risk
may be exacerbated by the need to hold antiplatelet therapy during the perioperative period and the hemostatic changes incurred by surgery [10].
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Indeed, retrospective studies have found a higher incidence of cardiovascular complications when surgery is performed shortly after stenting [11–
13]. In the largest study by Wilson et al. [12], 4% of patients undergoing
noncardiac surgery after coronary stenting suﬀered myocardial infarctions,
stent thrombosis, or death. All complications occurred in patients undergoing surgery within 6 weeks of coronary stenting. The current ACC/AHA
guidelines recommend waiting for a minimum of 2 weeks and ideally 4 to
6 weeks before proceeding to noncardiac surgery after coronary stenting
[4]. Based on the limited available data, a 6-week interval when feasible
seems appropriate.
Perioperative beta-blockers
Pathophysiology
Although the role of cardiac revascularization before elective surgery in
high-risk patients remains to be deﬁned, increasing evidence shows that perioperative medical management, particularly beta-adrenergic antagonists,
signiﬁcantly reduces the risk and the incidence of cardiac complications. Plaque disruption and prolonged ischemia are presumed mechanisms of perioperative myocardial infarctions, and the incidence of cardiac events is
strongly associated with tachycardia and the presence and duration of perioperative ischemia [14–16]. In one study, perioperative ischemia was associated with as much as a 21-fold increase in adverse cardiac events [17].
Episodes of ischemia peak early during the postoperative period, often while
the patient is emerging from general anesthesia, and perioperative myocardial infarctions often occur within the following 48 hours. This ﬁnding differs from ﬁndings in earlier surgical literature suggesting that myocardial
infarctions most commonly occur between postoperative days 3 and 5
[17,18]. Perioperative myocardial ischemia results from physiologic stresses
and elevated catecholamines that worsen the myocardial oxygen balance because increased heart rate and cardiac contractility lead to greater myocardial oxygen demand while the decreased time of diastole diminishes
coronary blood ﬂow.
A beneﬁcial role of beta-adrenergic blockade has been well documented
in patients who have CAD [19]. Beta-blockers decrease heart rate and cardiac contractility, thereby improving the myocardial oxygen balance. In
addition, they limit mechanical stresses, which may lead to vulnerable plaque disruption, and decrease the incidence of cardiac arrhythmias, particularly in the face of myocardial ischemia [20]. Apart from their
hemodynamic eﬀects, beta-blockers may also limit inﬂammation, prevent
platelet aggregation, modulate the coagulation cascade, and decrease nociception [20–22]. These latter eﬀects have been less well studied but may offer additional mechanisms through which beta-blockers beneﬁt patients
who have CAD.

BETA-BLOCKADE

1095

Clinical studies
In the landmark study by Mangano et al., [23] from which the original
recommendations for beta-blockade by the ACC/AHA were based, 200 patients at risk or with documented coronary artery disease were randomized
to receive atenolol or placebo 30 minutes before surgery. Patients considered
to be at risk had at least two of the following risk factors: age over 65, hypertension, serum cholesterol concentration R240 mg/dL, current smoking,
and diabetes mellitus. Treatment with atenolol or placebo was continued for
7 days or until hospital discharge. Patient follow-up evaluations were performed at 6 months, 1 year, and 2 years from the time of surgery. After 2
years, 9 deaths occurred in the atenolol group versus 21 deaths in the placebo group, although the greatest treatment beneﬁt was noted over the ﬁrst
6 to 8 months. Overall, perioperative treatment with atenolol resulted in
a long-term relative risk reduction of 55% (P ¼ 0.019). An important criticism of this study is that the investigators chose not to include deaths that
occurred during the perioperative treatment period when beta-blockers theoretically may oﬀer the most beneﬁt. Six patients died during the initial hospitalization and were not included in the outcome study; 4 deaths occurred
in the atenolol group; and 2 in the placebo group. Therefore, if the study
were examined in a true intention-to-treat analysis, the outcome diﬀerences
would no longer be signiﬁcant (P ¼ 0.1) [24].
The Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress
Echocardiography (DECREASE) study by Poldermans et al. [25] found
the most signiﬁcant treatment eﬀect using perioperative beta-blockers. One
hundred twelve vascular patients at high cardiac risk (positive dobutamine
echocardiography) were randomized to receive bisoprolol or standard care.
This was an unblinded study and no placebo was given. Treatment was
started at least 1 week before surgery and continued for 30 days postoperatively. At 30 days follow-up from the time of surgery, two cardiac-related
deaths (3.4%) occurred in the bisoprolol treatment group and nine (17%)
in the control group. No patients in the bisoprolol group suﬀered nonfatal
myocardial infarctions versus nine (17%) in the control group. Overall, patients with left ventricular failure, diabetes, and renal insuﬃciency beneﬁted
most from treatment. This study demonstrated a relative risk reduction for
cardiac death and nonfatal myocardial infarction of 80% and 100%, respectively. In a subsequent report by the DECREASE group, the beneﬁcial effects of bisoprolol were maintained during 2 years of follow-up. Here the
incidence of cardiac events (cardiac death and nonfatal myocardial infarction) was 12% in the bisoprolol group versus 32% in the standard care group
[26]. These results suggest a greater eﬀect of beta-blockers than has been reported in other randomized controlled trials and can partly be attributed to
the high-risk patient population studied. The incidence of cardiac events in
the control group was 34% during the perioperative period [26]. The
DECREASE trial ended early after interim analysis from the ﬁrst 100
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patients found signiﬁcant improvement in the treatment group. Therefore,
the results of this study are dramatic and encouraging but should be conﬁrmed through larger, well-designed randomized controlled trials.
A meta-analysis of trials examining perioperative beta-blockade was recently reported by Stevens et al. [27]. The meta-analysis included 866 patients from 11 randomized controlled trials, from which were 15 nonfatal
myocardial infarctions and 18 cardiac-related deaths. This analysis demonstrated a signiﬁcant improvement in cardiac events during the ﬁrst 30 postoperative days with perioperative beta-blockade. Beta-blockers reduced the
risk of myocardial infarction (0.9% versus 5.2%) and cardiac death (0.8%
versus 3.9%). However, the analysis relied heavily on the results from a single study. Of the 33 reported adverse cardiac events in the meta-analysis, 20
(9 nonfatal myocardial infarctions and 11 cardiac-related deaths) were from
the DECREASE trial. The DECREASE trial studied only high-risk patients and found a much greater treatment beneﬁt than the other studies
included in the meta-analysis. Although this ﬁnding in the DECREASE
trial may reﬂect a greater treatment beneﬁt in high-risk patients, the variations in the studies used in the meta-analysis limits the usefulness of the
meta-analysis in predicting which patients beneﬁt from perioperative betablockade [28].
Perioperative beta-blockers appear to oﬀer the most signiﬁcant beneﬁt to
high-risk patients (those who have documented ischemia) and the supporting evidence is categorized as class I by the current ACC/AHA guidelines. In
patients at moderate risk (those who have signiﬁcant risk factors, untreated
hypertension, or a history of CAD) the evidence suggests beneﬁts, but is less
conclusive. The low cardiac event rate in this population requires larger,
well-designed trials to achieve statistical signiﬁcance. One such study is
the Perioperative Ischemic Evaluation (POISE) trial. The POISE trial is
an ongoing international study examining perioperative metoprolol versus
placebo in moderate and high-risk cardiac patients. The study began in
2004 and plans for the recruitment of 10,000 patients.
A recent large retrospective cohort study (n ¼ 782,969) assessed the use of
perioperative beta-blockers and their association with in-hospital mortality
in routine clinical practice in noncardiac surgery in the United States [29].
The study used propensity-score matching to adjust for diﬀerences between
patients. The relationship between perioperative beta-blocker treatment and
the risk of death varied directly with cardiac risk. Among high-risk patients
with a Revised Cardiac Risk Index score of greater than two, perioperative
beta-blocker therapy was associated with a reduced risk of in-hospital death.
In patients with a Revised Cardiac Risk Index score of two, three, or four,
the adjusted odds ratio for death were 0.88, 0.71, and 0.58, respectively. In
contrast, among patients with a Revised Cardiac Risk Index score of zero or
one, treatment was associated with no beneﬁt and possible harm. This study
was limited, however, in its retrospective nature. The study contained no
data regarding cardiac adverse events and did not explain why patients
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were receiving beta-blockade. The authors of this cohort study concluded
that increasing the use of beta-blockers in high-risk patients might enhance
patient safety.
Who should receive perioperative beta-blockade?
Criteria for identifying patients that may beneﬁt from perioperative betablockers have varied between trials, but in general recommendations have
been based on multi-factorial indices designed to predict cardiac risk. The
Revised Cardiac Risk Index, proposed by Lee et al. [5], is a simple and
well-studied method of perioperative risk assessment. This system uses six
clinical variables and has been incorporated into several proposed treatment
algorithms for using perioperative beta-blockers (Tables 1 and 2) [30,31]. Patients at low risk (class I; 0 risk factors) receive little beneﬁt from perioperative beta-blockers, and the reported cardiac complication rate in this
population was 0.4% with beta-blockers and 1.0% without beta-blockers.
These patients should proceed to the operating room without beta-blocker
therapy. These results contrast with those for high-risk populations, where
the beneﬁt is most apparent. For high-risk patients (class IV; R3 risk factors), the cardiac complication rate ranged from 3.4% to 14% with betablockers and 9.8% to 32% without beta-blockers [32]. Patients at intermediate risk with one or two risk factors may also beneﬁt from beta-blockers but
the eﬀects are less pronounced. Therefore, all patients with a signiﬁcant risk
factor are candidates for beta-blocker therapy unless contraindicated. Despite evidence supporting the use of perioperative beta-blockers, they are still
poorly used. Based on current recommendations for using perioperative betablockers, studies have found a compliance rate of only 40% in patients meeting the proposed criteria [33,34]. Improving clinician awareness regarding the
use of beta-blockers and instituting guidelines are relatively simple methods
to improve outcome and have been shown to improve compliance [35].
Table 1
Likelihood of cardiac complications in noncardiac surgery
Risk factor

Odds ratio (95% CI)
a

High-risk surgery
Ischemic heart disease
History of congestive heart failure
History of cerebrovascular disease
Diabetes (insulin dependent)
Renal insuﬃciency (serum creatinine O2.0 mg/dL)

2.8
2.4
1.9
3.2
3.0
3.0

(1.6–4.9)
(1.3–4.2)
(1.1–3.5)
(1.8–6.0)
(1.3–7.1)
(1.4–6.8)

a
High-risk surgery is deﬁned as intrathoracic, intraperitoneal, or suprainguinal vascular
procedures. Ischemic heart disease is deﬁned as history of myocardial infarction, positive exercise test, chest pain consistent with ischemia, use of nitrates, and pathological Q waves on ECG.
Data from Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation
1999;100(10):1043–9.

1098

MAGGIO & TAHERI

Table 2
Indications for beta-blocker therapy
Revised cardiac risk
index

Cardiac event rate (95% CI)
(þ/ beta-blockers)

Beta-blocker
therapy?

Class I (0 risk factor)
Class II (1 risk factor)
Class III (2 risk factors)
Class IV (3 risk factors)
(4 risk factors)
(R5 risk factors)

0.4 (0.1–0.9) and 1.0 (0.6–1.9)
0.8 (03.–1.7) and 2.2 (1.4–3.3)
1.6 (0.8–3.3) and 4.5 (3.2–6.3)
3.4 (1.7–6.7) and 9.2 (6.5–13)
7.0 (3.4–14) and 18 (12–26)
14 (6.5–27) and 32 (19–47)

No beneﬁt
Probable beneﬁt
Yes
Yes

Data from Boersma E, Poldermans D, Bax JJ, et al. Predictors of cardiac events after major
vascular surgery: role of clinical characteristics, dobutamine echocardiography, and beta-blocker
therapy. JAMA 2001;285(14):1865–73.

Which beta-blockers should be used?
Several beta-blockers have been studied and proven to be eﬀective, but
treatment should be initiated with b1 selective agents (eg, atenolol, bisoprolol, and metoprolol). Beta1 selective agents have a lower potential for adverse side eﬀects, and recent evidence suggests that they can safely be
used for most patients who have reactive airway disease and insulin-diabetes
mellitus, generally considered contraindications. Greater caution should be
exercised in patients who have uncompensated congestive heart failure, aortic stenosis, severe and active reactive airway disease, and severe cardiac
conduction abnormalities. In randomized trials, the most common adverse
reaction was bradycardia, which was as high as 10% in the trial by Mangano et al. These episodes had minor clinical signiﬁcance and required no
additional treatment. Although less well studied, other potentially beneﬁcial
medications include alpha2-adrenergic agonists, statins, and nitrates [36,37].
These medications have not been shown to be as eﬀective, but may oﬀer an
alternative for patients who have contraindications to treatment with betablockers.
Timing and duration of beta-blockade
Treatment with beta-blockers should be initiated before anesthetic induction, but no one has yet determined the best timing. The recommended timing for the ﬁrst dose varies in treatment algorithms, with suggested initiation
ranging from 30 days before surgery to immediately before surgery when the
patient is in the preanesthesia holding area. The most important principle is
that adequate beta-blockade be achieved by the time of surgery. Initiating
treatment with short-acting medications may facilitate rapid achievement
of this goal. One strategy for initiation of beta-blockade preoperatively is
listed in Box 2. Most studies report that a resting heart rate of about 60
beats per minute (bpm) is eﬀective. A single study that failed to achieve
this level of beta-blockade also failed to demonstrate signiﬁcant treatment
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Box 2. Recommendations for initiation of b-blockade











Initiation is best 1–2 weeks prior to surgery.
Goal heart rate is within 60–80 bpm range.
Evaluate patient’s baseline heart rate and blood pressure.
Start administration of metoprolol 25 to 50 mg by mouth twice
daily based on baseline heart rate and blood pressure. Use
lower dose (25 mg twice daily) if heart rate in 70–80 bpm range
and systolic blood pressure in 110–140 mm Hg range.
If patient already taking b-blockade, consider increase in dose
to achieve goal heart rate of 60–80 bpm preoperatively.
Continue administering b-blockade postoperatively for at least
1 week.
Consider continued long-term administration of b-blockade if
patient has two or more cardiac risk factors. Long-term
administration of b-blockade has been associated with reduced
cardiac complications and mortality.
Do not initiate in patients with severe left-ventricular
dysfunction or in decompensated heart failure. Consult
cardiology if ejection fraction <20%.

eﬀect [38]. The ACC/AHA recommends beginning treatment days to weeks
before surgery and maintaining a resting heart rate between 50 and 60 bpm
[4]. The appropriate duration of treatment is also unknown, but one study
has shown continued beneﬁt up to 2 years, and many patients would likely
beneﬁt from long-term treatment. Therefore, although the most beneﬁt may
be obtained during the perioperative period, longer treatment may also be
warranted.

Summary
Perioperative beta-blockers signiﬁcantly reduce morbidity and mortality
in noncardiac surgery and appear to oﬀer the greatest beneﬁt to high-risk
patients. Because of the lower complication rate in intermediate- and lowrisk patients and the absence of large randomized controlled trials, the
role of beta-blockers in this population is less well deﬁned. Larger studies,
such as the POISE study, may oﬀer some clarity, and the optimal timing,
duration, and form of beta-blockade continues to be investigated. Even
so, in view of the current evidence and the low complication risk of cardioselective beta-blockers, treatment should be oﬀered to moderate- and highrisk patients. The ACC, the AHA, the American College of Physicians, and
the Agency for Health Care Research and Quality currently recommend
perioperative beta-blockers in this population.
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Despite the supporting evidence and national recommendations, betablockers continue to be underused. The reason for poor physician compliance with these guidelines is unclear, but the beneﬁt of using beta-blockers
appears to far outweigh the reasons not to use them. In suitable patients,
cardioselective beta-blockade is a simple and cost-eﬀective intervention
that may greatly improve patient outcomes and should be a standard component in perioperative care.
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Perioperative Cardiac Issues:
Postoperative Arrhythmias
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Postoperative arrhythmias are common and represent a major source of
morbidity after surgical procedures. Following cardiac surgery, supraventricular tachycardias (SVTs), most notably atrial ﬁbrillation, may occur in
30% to 40% of patients [1]. Atrial ﬁbrillation following noncardiac surgery
occurs less often, in approximately 4% of patients [2]. Findings from studies
conducted in the context of perioperative arrhythmias following cardiac surgery may be carefully applied to patients undergoing noncardiac surgery.
The patient’s underlying cardiac status is the key to management.
Postoperative arrhythmias are most likely to occur in patients with structural heart disease. The initiating factor for an arrhythmia in a patient following surgery is usually a transient imbalance, often related to hypoxia,
ischemia, catecholamines, electrolyte abnormalities, or another insult. Management includes correction of the imbalances and therapy directed at the
arrhythmia itself.
The physiologic impact of an arrhythmia depends on ventricular response
rate, duration of arrhythmia, and underlying cardiac function. Bradyarrhythmias may decrease cardiac output due to heart rate alone in patients
with a relatively ﬁxed stroke volume. Loss of atrial contraction may cause
a dramatic increase in pulmonary artery pressures in patients with hypertension and diastolic dysfunction. Similarly, tachyarrhythmias can decrease diastolic ﬁlling time and reduce cardiac output, resulting in hypotension and
possible myocardial ischemia. The impact of a given arrhythmia depends on
the patient’s cardiac physiology and function. Treatment is determined by
the hemodynamic insult.
This article reviews current concepts in the diagnosis and acute management of arrhythmias after surgery. A systematic approach to diagnosis and
* Corresponding author.
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evaluation of predisposing factors is presented, followed by consideration of
speciﬁc arrhythmias.

Diagnosis of postoperative arrhythmias
Basic principles
The ﬁrst principle in managing arrhythmias is to appropriately treat the
patient, not the electrocardiogram. Accordingly, one must ﬁrst decide
whether the observed arrhythmia may be an artifact. If the arrhythmia is
real and sustained, it must be determined whether it has important clinical
consequences.
The next step is to establish the urgency of treatment. Clinical assessment
includes evaluation of pulse, blood pressure, peripheral perfusion, and consideration of myocardial ischemia or congestive heart failure. If the patient
loses consciousness or becomes hemodynamically unstable in the presence
of a tachyarrhythmia other than sinus tachycardia, prompt cardioversion
may be indicated regardless of anticoagulation status. If the patient is stable,
time is often available to establish the rhythm diagnosis and decide upon the
most appropriate treatment. Bradyarrhythmias produce less of a diagnostic
challenge and treatment options are relatively straightforward.
The goals of antiarrhythmic therapy depend on the type of rhythm disturbance. The initial goal for the treatment of an arrhythmia in the critical
care setting is to stabilize the hemodynamics and ventricular response. The
next goal is to restore sinus rhythm if possible. If restoration of sinus rhythm
cannot be achieved, prevention of complications is important.
Classiﬁcation of arrhythmias
Arrhythmias are usually classiﬁed according to anatomic origin, either
supraventricular or ventricular. The most common supraventricular arrhythmia is sinus tachycardia, followed by atrial ﬁbrillation, ectopic atrial
or junctional tachycardia, multifocal atrial tachycardia, atrioventricular
(AV) nodal re-entry tachycardias, and accessory pathway tachycardias.
Ventricular arrhythmias are most commonly premature ventricular beats,
ventricular tachycardia and ventricular ﬁbrillation.
It is sometimes useful to consider tachyarrhythmias from a treatment
standpoint. Tachyarrhythmias that traverse the AV node can often be controlled by pharmacologically altering AV nodal conduction. Rhythms that
traverse the AV node include atrial ﬁbrillation and ﬂutter, ectopic atrial
and junctional tachycardias, multifocal atrial tachycardia, and AV nodal
re-entry tachycardias. Rhythms that do not use the AV node include accessory pathway tachycardias through a bypass tract, ventricular tachycardia,
and ventricular ﬁbrillation. When the arrhythmia does not use the AV node,
slowing AV nodal conduction can be dangerous.
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Rhythm diagnosis
A comprehensive description of the diagnosis of arrhythmias is beyond
the scope of this manuscript. A 12-lead electrocardiogram with a long
rhythm strip and a previously obtained 12-lead electrocardiogram for comparison are ideal. If a previous EKG is not available, a systematic approach
using a current 12-lead EKG is essential. An approach is outlined using the
following four steps [3].
Locate the P wave
P waves are often best seen in leads II and V1. Normal P waves are upright in leads II, III and aVF, and may be biphasic in leads II and V1. If P
waves are present and always followed by a QRS complex, the rhythm is
most likely sinus tachycardia, which usually occurs at a rate of between
100 and 180 per minute in adults. Patients with ectopic atrial and junctional
tachycardias often present with negative P-waves in leads II, III and aVF. If
P waves are present and the rhythm is irregular, the rhythm is most likely
atrial ﬁbrillation. If the P wave is buried in the QRS or ST segment, the
rhythm is most likely AV nodal re-entry tachycardia, which usually present
with atrial rates from 140 to 220 per minute. If there are multiple P waves
followed by a single QRS, especially if the atrial rate is near 300 per minute,
the rhythm is most likely atrial ﬂutter. If no P waves are present, the rhythm
is most likely atrial ﬁbrillation.
Establish the relationship between the P wave and QRS
If there are more P waves than QRS complexes, then AV block is present.
If there are more QRS complexes than P waves, the rhythm is likely an accelerated junctional or ventricular rhythm. If the relationship of the P wave
and QRS is 1:1, then measurement of the PR interval can yield useful diagnostic clues.
Examine the QRS morphology
A narrow QRS complex (!0.12 ms) indicates a supraventricular arrhythmia. A wide QRS complex can be either ventricular tachycardia or SVT with
either a pre-existing bundle branch block or, less commonly, an aberrant
ventricular conduction or an antegrade accessory pathway.
Search for other clues
The clues to guide appropriate therapy depend on the situation. Carotid
sinus massage increases AV block and can either break an SVT or bring out
previously undetected ﬂutter waves. Any patient with a ventricular rate of
exactly 150 beats per minute should be suspected of having atrial ﬂutter
with two to one AV-block. A rate greater than 200 beats per minute in an
otherwise healthy adult should raise the suspicion of an accessory pathway.
Severe left axis deviation (ÿ60 to 120 ) during tachycardia suggests
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a ventricular origin, as does AV dissociation, fusion beats, which result from
simultaneous activation of two foci, one ventricular and one supraventricular, and capture beats, which are beats that capture the ventricles and are
conducted with a narrow complex, ruling out ﬁxed bundle branch block.
Grouped beating or more P waves than QRS complexes suggests the possibility of second-degree AV-block.
Predisposing factors for postoperative arrhythmias
Postoperative stress makes patients susceptible to developing arrhythmias. Speciﬁc factors, including hypoxemia, hypercarbia, myocardial ischemia, catecholamines, electrolyte or acid–base imbalances, may cause the
insult. Drug eﬀects and mechanical factors, such as instrumentation, may
also be the cause [4]. Atrial ﬁbrillation following cardiac surgery is the
most thoroughly studied postoperative arrhythmia. Proposed mechanisms
for postoperative atrial ﬁbrillation include acute atrial distension, atrial inﬂammation from the trauma of surgery, ischemic injury to the atria due to
cardioplegia, and electrolyte and volume shifts during bypass that alter atrial
repolarization [5]. However, attribution of an arrhythmia to a single predisposing factor may oversimplify a complex situation. For example, hypokalemia may predispose to the development of perioperative ventricular
arrhythmias. Catecholamine release, however, increases cellular potassium
uptake and may decrease serum potassium levels [6]. In this context, it
may not be clear whether the arrhythmia is due to hypokalemia, is catecholamine-mediated, or results from a combination of both.
Regardless of the complexity of the arrhythmogenesis, the identiﬁcation
and correction of potential predisposing factors form the cornerstone to
management of postoperative arrhythmias. In conjunction with assessment
of cardiac function, this often determines what therapy is needed. Self-terminating arrhythmias in the setting of transient stress often need no therapy at
all. The development of a hemodynamically signiﬁcant arrhythmia in a patient likely to remain stressed for some time points to the need for
intervention.
Bradycardias
Sinus node dysfunction
Bradycardias associated with sinus node dysfunction include sinus bradycardia, sinus pause, sinoatrial block, and sinus arrest. In the perioperative
setting, these disturbances often result from increased vagal tone due to spinal or epidural anesthesia, laryngoscopy, or surgical intervention [4]. Initial
therapy for postoperative bradyarrhythmias does not diﬀer from other acute
circumstances. If bradycardia is transient and not associated with hemodynamic compromise, no therapy is necessary. If it is sustained or
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compromises end-organ perfusion, therapy with antimuscarinic agents, such
as atropine, or beta agonists, such as ephedrine, may be initiated. Transcutaneous or transvenous pacing may be necessary in some cases.
Patients with a combination of bradycardia with paroxysmal atrial tachycardias due to preexisting conduction system disease can be challenging to
manage pharmacologically. In these cases, insertion of a temporary pacemaker may allow the administration of rate-lowering agents.
Heart block
The most common cause of acquired chronic atrioventricular (AV) heart
block is ﬁbrosis of the conducting system. Although pre-existing conduction
system disease is a risk factor for the development of complete heart block,
no single laboratory or clinical variable identiﬁes patients at risk for progression to high-degree AV block [7]. Acute myocardial infarction is a common cause of transient AV block. Criteria for insertion of temporary and
permanent pacemakers in postoperative infarction are the same as the criteria for any infarction [7]. High-grade second- or third-degree AV block persisting for 7 to 14 days after cardiac surgery is an indication for permanent
pacing [7]. It is reasonable to extend these recommendations to patients with
high-degree AV block persisting after noncardiac surgery. The need for permanent pacing in patients with transient postoperative AV block and residual bifascicular block has not been established. Patients with AV conduction
disturbances that return to normal following surgery have a favorable
prognosis.
Supraventricular tachycardias
Supraventricular arrhythmias are common after surgery. Their incidence
was estimated at 4% in a large registry of patients undergoing major noncardiac procedures [8], 3.2% in a multicenter study of patients undergoing
abdominal aortic aneurysm repair [9], and almost 13% in 295 patients undergoing thoracotomy for lung cancer [10]. Supraventricular tachyarrhythmias can be broken down into atrial tachycardias, atrioventricular
nodal reentrant tachycardias (AVNRT), and accessory pathway reentrant
tachycardias.
Atrial tachycardias can arise from either an ectopic automatic focus or
a reentrant pathway. They comprise approximately 8% of paroxysmal
SVTs in adults, and are diagnosed by identiﬁcation of P wave morphology
diﬀerent from that in sinus rhythm. Potential mechanisms include abnormal
automaticity, triggered activity or digitalis intoxication [11]. Short bursts of
atrial tachycardias do not require speciﬁc drug therapy unless they persist.
Multifocal atrial tachycardia (MAT) usually occurs in acutely ill, elderly
patients, or in patients with pulmonary disease [12]. MAT is diagnosed by
the presence of three or more diﬀerent P wave morphologies on one EKG
with an irregular rhythm. The most useful therapy for MAT is to treat
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the underlying causes, including hypoxemia and hypercapnia, myocardial ischemia, congestive heart failure, or electrolyte disturbances. Beta blockers
and calcium channel blockers can slow an excessive ventricular rate [13].
These agents should be used cautiously in patients with known congestive
heart failure or reduced left ventricular function.
AVNRT is the most common paroxysmal supraventricular tachycardia,
accounting for about 60% of all supraventricular arrhythmias [11]. Dual
AV nodal pathways with diﬀerent conduction velocities and refractory periods are usually present, setting up the substrate for re-entry. P waves may
not be visible on the electrocardiogram due to near simultaneous retrograde
atrial and antegrade ventricular activation. Carotid sinus massage or other
vagal maneuvers may convert AVNRT to normal sinus rhythm. Adenosine
6 to 12 mg IV is the preferred initial drug treatment because its extremely
short half-life reduces side eﬀects. The 12-mg dose may be repeated if
necessary. Urgent cardioversion may be necessary with circulatory insuﬃciency. Beta blockers or calcium channel blockers should be used judiciously
due to their negative ionotropic eﬀects and their potential for vasodilation.
Approximately 30% of patients with supraventricular tachycardia have
an accessory pathway between the atrium and the ventricle [11]. The bypass
tract may be manifest, with a delta wave visible on the baseline EKG, or
concealed. When conduction goes down the AV node and back up the by
pass tract, the QRS complex is narrow and conduction is termed orthodromic [11]. Therapy for orthodromic accessory pathway reentrant tachycardias entails AV nodal blockade with vagal maneuvers, IV adenosine,
and calcium channel blockers. When conduction goes down the bypass
tract and back up the AV node, the QRS complex is wide and conduction
is termed antidromic [11]. For antidromic accessory pathway reentrant tachycardias, IV procainamide is the drug of choice. In both circumstances,
cardioversion is indicated for hemodynamic collapse.
Atrial ﬂutter or ﬁbrillation in the setting of an accessory pathway is dangerous because of the potential for extremely rapid conduction down the accessory pathway with resultant rapid ventricular rates and possible
deterioration to ventricular ﬁbrillation. In this situation, competition between AV nodal conduction and conduction down the bypass tract modulates the ventricular rate. AV nodal blockade may increase ventricular
rate, and can precipitate ventricular ﬁbrillation [14]. Drugs that slow conduction down the accessory pathway, such as IV procainamide and
amiodarone, can be used for acute termination. Urgent cardioversion may
be indicated.
Atrial ﬁbrillation and ﬂutter
Supraventricular arrhythmias are common after both cardiac and noncardiac surgery. Of these, atrial ﬁbrillation (AF) is by far the most common
arrhythmia, with potentially serious consequences. In one prospective series
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of 916 patients over 40 years old undergoing major noncardiac surgery, the
incidence of SVT was 4%. Atrial ﬂutter and ﬁbrillation represented 63% of
these arrhythmias [8].
Atrial ﬁbrillation and ﬂutter are even more common after cardiac surgery, with rates ranging from 30% to 40% after coronary artery bypass surgery [15,16]. The incidence is even higher following valve replacement, and
may be as high as 60% [17]. Due to its incidence, potential morbidity, and
association with increased length of stay, AF has been well studied after cardiac surgery. Many, if not most, patients who have AF after noncardiac surgery have underlying cardiac disease. It is reasonable to apply ﬁndings in
patients with AF after cardiac surgery to the setting of noncardiac surgery.
The American College of Chest Physicians has recently published ‘‘ACCP
Guidelines for the Prevention and Management of Postoperative Atrial Fibrillation After Cardiac Surgery.’’ These guidelines are comprehensive and
provide evidence-based recommendations for clinical practice [18].
Risk factors associated with an increased risk of postoperative AF after
cardiac surgery include increased age, postoperative electrolyte shifts, pericarditis, a history of preoperative atrial ﬁbrillation, a history of congestive
heart failure, and chronic obstructive pulmonary disease [5,19,20]. Most
of these risk factors are probably predictive after noncardiac surgery, although this has not been well studied. Atrial ﬁbrillation generally occurs 2
to 4 days after open heart surgery and episodes tend to be transient, frequent, and recurrent.
AF with a rapid ventricular response can worsen diastolic ﬁlling due to
decreased ﬁlling time and loss of atrioventricular synchrony. Symptoms
can include chest pain, shortness of breath, and dizziness. For unstable patients who have hypotension, pulmonary edema, or unstable angina, urgent
cardioversion is indicated. Intravenous ibutilide, a class III antiarrhythmic
agent, is eﬀective in stopping atrial ﬁbrillation and ﬂutter. It is an alternative
for acute cardioversion in the hemodynamically stable patient [21]. Ibutilide
is administered as a 1 mg bolus over 10 minutes, and can be repeated in 10
minutes, provided the QT interval is not excessively prolonged. The QT prolongation induced by ibutilide is associated with a risk of torsade de pointes,
and therefore continuous EKG monitoring is recommended after ibutilide
administration for 4 hours or until the QT interval returns to normal [5].
For patients who do not have hemodynamic compromise and who have
AF lasting for more than 15 minutes, initiation of therapy to control the
ventricular rate is recommended. Intravenous beta blockers are a logical
choice in postoperative patients with high sympathetic tone. Intravenous
calcium channel blockers and intravenous amiodarone are alternatives for
rate control (Table 1). Digoxin has a delayed onset of action and works
by increasing vagal tone. Thus digoxin is typically ineﬀective for acute
rate control in this setting. Patients will often convert to normal sinus
rhythm on their own without antiarrhythmic medications or electrical
intervention.
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Table 1
Drugs Used for Postoperative Arrhythmias
Drug

Dosing

Indications

Side eﬀects

Adenosine

6 mg; then 12 mg IV

Transient heart block,
ﬂushing, chest pain

Atropine

0.4–1 mg IV

Diltiazem

10–20 mg IV bolus;
then infusion at
5–15 mg/hr
0.5 mg/kg bolus and
infusion at 0.05
mg/kg/hr. [ by 0.05
mg/kg/hr q 5 min
5 mg IV q 5 min  3

Paroxysmal SVT;
diagnosis of wide or
narrow QRS
tachycardias
Bradycardia or
AV block
Rate control

Esmolol

Metoprolol

Rapid rate control

Bronchospasm;
hypotension,
exacerbation of CHF

Rate control

Bronchospasm;
hypotension,
exacerbation of CHF
Delayed onset;
arrhythmias,
nausea, vomiting
QT prolongation;
torsades de pointes
Occasional mild
hypotension with
bolus; heart block

Digoxin

0.25 mg IV q 4–6 hr
up to 1 mg

Chronic AF

Ibutilide

1 mg IV over 10 min.
May repeat  1
150 mg IV over 10 min,
then 1 mg/min  6 hr,
then 0.5 mg/min

Conversion of AF

Amiodarone

Excessive tachycardia;
myocardial ischemia
Hypotension; CHF

Refractory VT or VF;
rate control and
conversion of AF

Abbreviations: CHF, congestive heart failure; VT, ventricular tachycardia; VF, ventricular
ﬁbrillation.

Most episodes of atrial ﬁbrillation in the postoperative setting are selflimited, although they tend to be recurrent. Persistent atrial ﬁbrillation is
associated with increased risk of stroke or transient ischemic attack after
48 hours [22]. Antiarrhythmic medication is a reasonable choice for recurrent atrial ﬁbrillation in the postoperative period. For persistent, recurrent
AF, anticoagulation should be considered, weighing the potential beneﬁts
against the risk of postoperative bleeding.
The high incidence of postoperative AF after cardiac surgery, with the
observation that its onset is generally late, has fueled interest in prophylactic
measures to prevent its development. Beta blockers have been eﬀective at
preventing atrial ﬁbrillation and other supraventricular arrhythmias after
cardiac surgery [17]. The incidence of atrial ﬁbrillation is much lower following noncardiac surgery, and so prophylactic beta blockers may be reserved
for high-risk patients [23]. Prophylactic use of sotalol, a class III antiarrhythmic agent with beta blocking activity, decreases the incidence of atrial
ﬁbrillation following bypass surgery [24]. Several studies have examined the
eﬀects of amiodarone on the incidence of atrial ﬁbrillation after cardiac
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surgery. In randomized trials, both oral amiodarone started 1 week before
bypass surgery [25] and intravenous amiodarone given shortly after the
completion of surgery [26,27] have reduced the rate of postoperative atrial
ﬁbrillation following cardiac surgery. These studies support the potential efﬁcacy of these medications when applied to higher risk cardiac patients undergoing noncardiac surgery.
Ventricular tachycardias
Ventricular tachyarrhythmias (VT) can be classiﬁed as benign or malignant. The chief distinction, in addition to duration and hemodynamic consequences, is the presence of signiﬁcant structural heart disease. This
distinction is especially important when evaluating premature ventricular
contractions (PVCs) and nonsustained ventricular tachycardia. In patients
without structural heart disease, the risk of sudden death or hemodynamic
compromise is low, and therapy is rarely necessary in the absence of symptoms. In patients with coronary artery disease, a history of myocardial infarction, or cardiomyopathy, PVCs may indicate the potential for
malignant ventricular tachyarrhythmias and merit prompt and thorough assessment. Prompt evaluation for and reversal of precipitating factors, such
as ischemia and electrolyte abnormalities, are indicated. Although speciﬁc
antiarrhythmic therapy may not be needed in all cases, empiric beta blockade or nitroglycerin should be considered.
Studies have evaluated empiric beta blockade in patients undergoing noncardiac surgery. In one study, 200 high-risk patients undergoing noncardiac
surgery were randomized to atenolol or placebo, starting preoperatively and
continuing until hospital discharge [23]. Atenolol produced a 15% absolute
reduction in a combined cardiovascular end point at 6 months, and reduced
mortality at both 6 months and 2 years [23]. Although this trial does not directly address the use of beta blockade as postoperative antiarrhythmic therapy, the ﬁndings tend to support empiric postoperative initiation of atenolol
in high-risk patients with arrhythmias.
Serious ventricular arrhythmias are becoming uncommon after cardiac
surgery, and are even less common after noncardiac surgery. The incidence
of sustained VT and ventricular ﬁbrillation (VF) after coronary artery bypass surgery was reported to be 1.2% in one series [28], with most cases
occurring on the ﬁrst postoperative day. Causes included perioperative infarction, hypoxia, medications, hypokalemia, and hypomagnesemia. Other
series have also found similarly low rates of de novo ventricular arrhythmias after cardiac surgery [29].
Data regarding serious ventricular arrhythmias after noncardiac surgery
are sparse. The most common setting is postoperative infarction with underlying structural heart disease [30]. In this context, ventricular arrhythmias
may be more worrisome than after cardiac surgery because underlying coronary artery disease may not have been addressed preoperatively.
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Sustained monomorphic VT is a reentrant rhythm most commonly occurring more than 48 hours after a myocardial infarction, or in the setting
of cardiomyopathy. Initial management of sustained monomorphic VT
with a history of structural heart disease depends on its rate, duration,
and hemodynamic status. Unstable VT is an indication for prompt deﬁbrillation. Hemodynamically stable patients with a risk of imminent circulatory
collapse may be treated with an antiarrhythmic, such as IV amiodarone.
Current Advanced Cardiovascular Life Support guidelines consider lidocaine and IV procainamide alternative choices.
Polymorphic VT most commonly occurs in the setting of acute myocardial ischemia. Although it is often faster than sustained monomorphic VT
and thus can lead to hemodynamic instability, many episodes of polymorphic VT terminate spontaneously. Initial management for polymorphic
VT is similar to that for monomorphic VT, with deﬁbrillation and antiarrhythmic drugs [31]. If ischemia is felt to be the cause of polymorphic VT,
therapy for unstable angina may be initiated. If VT or VF persists despite
treatment, and there is evidence for ongoing coronary artery disease, intra-aortic balloon pumping and coronary revascularization should be
considered.
Torsade de pointes is a syndrome consisting of polymorphic VT with QT
prolongation. Acquired QT prolongation is most often caused by drugs, including type I antiarrhythmic agents, tricyclic antidepressants, phenothiazines, nonsedating antihistamines, erythromycin, pentamidine, and azole
antifungal agents. QT prolongation may also be caused by electrolyte abnormalities, especially hypomagnesemia, and exacerbated by other conditions, such as hypothyroidism, cerebrovascular accident, and liquid
protein diets [32]. Empiric magnesium should be given to all patients with
suspected torsade de pointes, since the risk is low and the potential beneﬁts
high. Since the length of the QT interval is aﬀected by the RR interval, the
use of isoproterenol or temporary pacing to increase the heart rate can be
eﬀective in patients with acquired QT prolongation and torsade de pointes
[33].
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Surgical Site Infections
Philip S. Barie, MD, MBA*,
Soumitra R. Eachempati, MD
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of Cornell University, 525 East 68 Street, New York, NY 10021, USA

There has been a change in vernacular with respect to infections relating
to surgical procedures, owing to confusion between infections of surgical incisions and those of traumatic wounds. Infections of surgical incisions are
now referred to as surgical site infections (SSIs) [1]. Surgical site infections
are recognized as a common surgical complication, occurring in about
3% of all surgical procedures and in up to 20% of patients undergoing
emergency intra-abdominal procedures [2]. Potential complications include
tissue destruction, failure or prolongation of proper wound healing, incisional hernias, and occasionally bacteremia. Additionally, recurrent pain
and disﬁguring and disabling scars may also result. Surgical site infections
result in substantial morbidity, prolonged hospital stays, and increased direct patient costs. All of these factors have a substantial impact on patients
and hospitals, and create a huge economic burden on the United States
health care system [3]. Minimizing SSIs is a top priority for surgeons and
hospitals to ensure the safest environment for patients undergoing surgery.

Deﬁnitions
What constitutes an SSI? Even experts disagree with respect to the appearance of the incision [2]. Is it cellulitis of the incision without drainage,
or nonpurulent drainage without cellulitis? Is any incision infected that
must be reopened, or is the requirement for antimicrobial therapy the best
indicator? Most experts agree that surgical sites that do not harbor purulent
ﬂuid are not infected, but the lack of agreement otherwise means that any
retrospective study of SSI is essentially unreliable and useless if it relied
upon observation or antibiotic administration as diagnostic criteria.
* Corresponding author.
E-mail address: pbarie@med.cornell.edu (P.S. Barie).
0039-6109/05/$ - see front matter Ó 2005 Elsevier Inc. All rights reserved.
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Infection may occur within the surgical site at any depth, starting from
the skin itself and extending to the deepest cavity that remains after resection of an organ. Superﬁcial SSI involves tissues down to the fascia
(Fig. 1), whereas deep SSI extends beneath the fascia but not intracavitary.
Organ/space infections are subfascial or intracavitary, but if related directly
to an operation, are considered to be SSIs.
Cellulitis is infection-related erythema of skin (although other tissues may
be aﬀected) without drainage or ﬂuctuance. Abscess refers to localized collections of purulent material within tissue. Necrotizing soft tissue infections
(NSTIs) invade tissue widely and rapidly, causing widespread tissue necrosis.
When fascia is involved, the infection is referred to correctly as necrotizing
fasciitis. Myonecrosis refers to involvement of underlying muscle. However,
NSTIs are exceedingly unusual in the postoperative period. Two rare but
dangerous examples are SSIs caused by Streptococcus pneumoniae or Clostridium perfringens, which should be managed as would other NSTIs.
Epidemiology
Issues related to bacterial contamination of the surgical site have been
well deﬁned [2]. Clean surgical procedures are those where the operation
has aﬀected only integumentary and musculoskeletal soft tissues. Cleancontaminated procedures are those where a hollow viscus (eg, alimentary,
biliary, genitourinary, respiratory tract) has been opened under controlled
circumstances (eg, elective colon surgery). Contaminated procedures are
those where bacteria has been introduced extensively into a normally sterile
body cavity, but for a period of time too brief to allow infection to become
established during surgery (eg, penetrating abdominal trauma, enterotomy
during adhesiolysis for mechanical bowel obstruction). Dirty procedures
are those where the surgery is performed to control established infection
(eg, colon resection for complicated diverticulitis).

Skin

Superficial Incisional SSI

Subcutaneous Tissue

Deep Soft Tissue
(fascia and muscle)

Organ/Space

Deep Incisional SSI

Organ/Space SSI

Fig. 1. Surgical site infections. (Adapted from Mangram AJ, Horan TC, Pearson ML, et al. The
Hospital Infection Control Practices Advisory Committee. Guideline for the prevention of surgical site infection, 1999. Infect Control Hosp Epidemiol 1999;20:247–80.)
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Box 1. Risk factors for the development of surgical site
infections
Patient factors
Ascites
Chronic inflammation
Corticosteroid therapy (controversial)
Obesity
Diabetes
Extremes of age
Hypocholesterolemia
Hypoxemia
Peripheral vascular disease (especially for lower extremity surgery)
Postoperative anemia
Prior site irradiation
Recent operation
Remote infection
Skin carriage of staphylococci
Skin disease in the area of infection (eg, psoriasis)
Undernutrition
Environmental factors
Contaminated medications
Inadequate disinfection/sterilization
Inadequate skin antisepsis
Inadequate ventilation
Treatment factors
Drains
Emergency procedure
Hypothermia
Inadequate antibiotic prophylaxis
Oxygenation (controversial)
Prolonged preoperative hospitalization
Prolonged operative time
Data from National Nosocomial Infections Surveillance System (NNIS)
System Report: Data summary from January 1992–June 2001, issued August
2001. Am J Infect Control 2001;29:404–21.

Numerous factors determine whether a patient will develop an SSI, including factors contributed by the patient, the environment, and the treatment (Box 1) [4]. As incorporated in the National Nosocomial Infections
Surveillance System (NNIS) [4–6] (Table 1), the most recognized factors
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Table 1
National Nosocomial Infections Surveillance System (NNIS) risk index for surgical site
infections
Traditional class

0

1

2

3

All

Clean
Clean/contaminated
Contaminated
Dirty
All

1.0%
2.1%
NA
NA
1.5%

2.3%
4.9%
3.4%
3.1%
2.9%

5.4%
9.5%
6.6%
8.1%
6.8%

NA
NA
13.2%
12.8%
13.0%

2.1%
3.3%
6.4%
7.1%
2.8%

Abbreviation: NA, not applicable.
Data from National Nosocomial Infections Surveillance System (NNIS) system report:
data summary from January 1992–June 2001, issued August 2001. Am J Infect Control
2001;29:404–21.

are the wound classiﬁcation, American Society of Anesthesiology Class 3 or
higher (chronic active medical illness; Box 2), and prolonged operative time,
where time is longer than the 75th percentile for each such procedure. According to the NNIS classiﬁcation, the risk of SSI increases with an increasing number of risk factors present, irrespective of the contamination of the
incision (Table 2) and almost without regard for the type of operation (see
Table 1, Fig. 2) [4].
Laparoscopic surgery is associated with a decreased incidence of SSI under certain circumstances, which has led to modiﬁcations of the NNIS risk
classiﬁcation [1]. For laparoscopic biliary, gastric, and colon surgery, one
risk factor is subtracted if the operation is performed via the laparoscope.
Thus, a new category has been created speciﬁcally for the circumstance, representing essentially a minus-1 risk factor. Laparoscopic surgery decreases
the risk of SSI for several reasons. These include the smaller wound size,
the limited use of cautery in the abdominal wall, and a diminished stress response to tissue injury. Laparoscopic appendectomy, however, is a special
case. When no risk factors are present, the incidence of SSI after laparoscopic appendectomy is reduced signiﬁcantly, but if any risk factor is present
(as would be the case with either a perforated appendicitis or a procedure
that lasts longer than one hour), then the advantage is lost.
More than 70% of surgical procedures are now performed on an outpatient basis, which poses major problems for surveillance of SSI [7]. Although
many SSIs will develop in the ﬁrst 5 to 10 days after surgery, an SSI may
develop as long as 30 days after surgery. Estimates of the incidence of SSI
thus depend upon voluntary self-reporting by surgeons, which is unreliable.
Therefore, estimates of the incidence of SSI in NNIS are probably underestimates, although the data are the best that are available.
Host-derived factors may contribute to the risk of SSI. Factors of importance include advanced age [8], obesity, malnutrition, diabetes mellitus [9,10],
hypocholesterolemia [11], and numerous other factors that are not accounted
for speciﬁcally by the NNIS system. In one study of 2345 patients undergoing
cardiac surgery, the overall incidence of SSI was 8.5% (199/2,345) [12]. The
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Box 2. American Society of Anesthesiology (ASA) physical
status score
ASA 1
A normal healthy patient.
ASA 2
A patient with mild to moderate systemic disturbance that results
in no functional limitations. Examples: Hypertension, diabetes
mellitus, chronic bronchitis, morbid obesity, extremes of age.
ASA 3
A patient with severe systemic disturbance that results in
functional limitations. Examples: Poorly controlled
hypertension, diabetes mellitus with vascular complications,
angina pectoris, prior myocardial infarction, pulmonary
disease that limits activity.
ASA 4
A patient with a severe systemic disturbance that is lifethreatening with or without the planned procedure. Examples:
Congestive heart failure, unstable angina pectoris, advanced
pulmonary, renal or hepatic dysfunction.
ASA 5
A morbid patient not expected to survive with or without the
operative procedure. Examples: Ruptured abdominal aortic
aneurysm, pulmonary embolism, head injury with increased
intracranial pressure.
ASA 6
Any patient in whom the procedure is an emergency. Example:
ASA 4E.
Data from National Nosocomial Infections Surveillance System (NNIS) system report: data summary from January 1992–June 2001, issued August 2001.
Am J Infect Control 2001;29:404–21; with permission.

relative risk for the development of SSI among diabetic patients was 2.29
(95% conﬁdence interval (CI) 1.15–4.54), and the relative risk among obese
patients (body mass index O30) was 1.78 (1.24–2.55). Malone and colleagues
studied 5031 patients who underwent noncardiac surgery at a Veterans Affairs hospital over a six-year period ending in 1990. The overall incidence
of SSI was 3.2%. Independent risk factors for the development of infection
included ascites, diabetes mellitus, postoperative anemia, and recent weight
loss, but not chronic obstructive pulmonary disease, tobacco use, or
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Table 2
Surgical site infection rates (percent) for selected procedures, National Nosocomial Infections
Surveillance Program, 1992 to 2004
Number of risk factors
Procedure

Time cutpoint (h)

0

1

2

3

CABG chest/leg
Laparotomy
ORIF

5
2
2

1.25
1.71
0.79

3.39
3.08
1.41

5.43
4.71
2.81

9.76
7.19
4.97

Abbreviations: CABG, coronary artery bypass grafting (composite incidence for both incisions); ORIF, open reduction and internal ﬁxation of fracture.
Data from National Nosocomial Infections Surveillance System (NNIS) system report:
data summary from January 1992–June 2004, issued October 2004. Am J Infect Control
2004;32:470–85.

corticosteroid use [13]. In a prospective study of 9016 patients, 12.5% of patients developed a postoperative infection of some type within 28 days after
surgery [14]. The likelihood of readmission for infection management and of
death was 2.5% within the period. Multivariate analysis revealed that decreased serum albumin concentration, increased age, tracheostomy, and amputations were associated with an increased probability of an early infection,
whereas factors associated with readmission due to infection included a dialysis shunt, vascular repair, and an early infection. Factors associated with
28-day mortality included advanced age, low serum albumin concentration,
increased serum creatinine concentration, and an early infection [14].
Microbiology
Inoculation of the surgical site occurs during surgery, either inward from
the skin or outward from the internal organ being operated on, hence the
rationale for skin preparation and bowel preparation with antiseptics or
5

Incidence of
Surgical Site Infection

4.5
4

0
1
2 to 3

3.5
3
2.5
2
1.5
1
0.5
0
Thoracic

Hemiorraphy

Mastectomy

Vascular

Type of Operation
Fig. 2. Incidence of surgical site infection. (Data from CDC NNIS System. National nosocomial infections surveillance (NNIS) system report, data summary from January 1992 to June
2004, issued August 2003. Am J Infect Control 2003;31:481–98.)
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antibiotics, and prophylactic oral or parenteral administration of antibiotic
prophylaxis. The microbiology of SSI depends on the type of operation being performed, with an increased likelihood of infection caused by gramnegative bacilli after gastrointestinal surgery. However, most SSI are caused
by gram-positive cocci (Table 3) [15], including Staphylococcus aureus, coagulase-negative staphylococci (usually Staphylococcus epidermidis), and
Enterococcus sp., organisms that for the most part are skin-derived. With
surgery of the head and neck, (when pharyngoesophageal structures are entered) or intestinal surgery, enteric aerobic (eg, Escherichia coli) and anaerobic (eg, Bacteroides fragilis) bacteria may cause SSI.
Preoperative preparation
The patient should be assessed for factors that can be corrected in the
preoperative period before elective surgery. Open skin lesions should be allowed to heal if possible, and the patient should be free of bacterial infections of any kind. The patient should quit smoking if possible, preferably
one month before surgery. The patient should shower with an antibacterial
soap the night before the operation. The patient must not be shaved the
night before, as the risk of SSI is clearly increased by bacteria that colonize
the inevitable small cuts and abrasions [16]. Particular attention should be
paid to the nutritional status of the patient. Obese patients should lose as
much weight as is safely possible. Malnourished patients can beneﬁt from
even brief courses of enteral nutritional supplementation. As little as ﬁve
days of enteral nutrition can reduce the risk of SSI signiﬁcantly [17,18].
Antibiotic prophylaxis and the risk of surgical site infection
The administration of antibiotics before surgery to reduce postoperative
SSI is common and beneﬁcial in many circumstances. However, these
Table 3
Microbiology of surgical site infection
Pathogen

Prevalence
(% of isolates)

Staphylococcus
Coagulase-negative Staphylococcus
Enterococcus sp.
Escherichia coli
Pseudomonas aeruginosa
Miscellaneous aerobic gram-negative bacilli
Enterobacter sp.
Streptococcus sp.
Klebsiella sp.
Miscellaneous anaerobic bacteria
Miscellaneous aerobic gram-positive bacteria

19
14
12
8
8
8
7
6
4
3
2

Data from Emori TG, Gaynes RP. An overview of nosocomial infections, including the role
of the microbiology laboratory. Clin Microbiol Rev 1993;6:428–42.
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antibiotics only protect the surgical incision, and antibiotics are not a panacea. If not administered properly, antibiotic prophylaxis will not be eﬀective
and may be harmful.
Some patients beneﬁt from antibiotic prophylaxis whereas others may
not. An increased risk of SSI occurs with an increasing degree of wound
contamination (eg, contaminated versus clean) regardless of other risk factors (see Box 2) [6], and as the number of risk factors increases for a given
type of operation (see Table 2). Antibiotic prophylaxis is indicated clearly
for most clean-contaminated and contaminated (or potentially contaminated) operations. Antibiotics for dirty operations represent treatment for
an infection, not prophylaxis, therefore that therapy will not be considered
further. An example of a potentially contaminated operation is lysis of adhesions for mechanical small bowel obstruction. In this case, intestinal ischemia cannot be predicted accurately before surgery, and the possibility exists
of an enterotomy during adhesiolysis, which increases the risk of SSI twofold. An example of a clean-contaminated operation where antibiotic prophylaxis is not always indicated is elective cholecystectomy [19]. Antibiotic
prophylaxis is indicated only for high-risk biliary surgery; patients at
high risk include those over age 70, diabetic patients, and patients whose
biliary tract has been instrumented recently (eg, biliary stent) [19]. The vast
majority of patients who undergo laparoscopic cholecystectomy do not require antibiotic prophylaxis [20].
Elective colon surgery is a special circumstance among clean-contaminated operations and one where practices are evolving [21]. Historically,
mechanical bowel preparation to reduce bowel feces made colon surgery
safe. Antibiotic bowel preparation, standardized in the 1970s by the oral administration of nonabsorbable neomycin and erythromycin base, reduced
the risk of SSI further to its present rate of approximately 4% to 8%, depending on the number of risk factors. Outpatient mechanical preparation
is now common before elective colon surgery, but the three doses of oral
antibiotics at approximately 18, 17, and 10 hours preoperatively are no longer given routinely in favor of parenteral antibiotic prophylaxis. A dose of
parenteral cefoxitin or ampicillin-sulbactam (or a quinolone or monobactam plus metronidazole for the penicillin-allergic patient) is given within
1 hour before skin incision [21].
Antibiotic prophylaxis of clean surgery is controversial. Where bone is incised (eg, craniotomy, sternotomy) or a prosthesis is inserted, antibiotic prophylaxis is generally indicated. Controversy centers on cases of clean surgery
of soft tissues (eg, breast, hernia). A randomized prospective trial has shown
some beneﬁt of prophylaxis, but the results are confounded by higher than
expected infection rates in the control group [22].
Which antibiotic should be chosen from the plethora of available agents?
Four principles should guide selection. First, the agent should be safe. Second, the agent should have an appropriately narrow spectrum of coverage
of relevant pathogens. Third, the agent should not be one that is relied
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upon for clinical treatment of infection, owing to the possibility that resistance may develop if the agent is overused. Finally, the agent must be administered for a deﬁned, brief period of time (ideally, a single dose; certainly no
more than 24 h). According to these principles, a third-generation cephalosporin or quinolone should never be used for surgical prophylaxis. Most
SSIs are caused by gram-positive cocci. The most common etiologic agent
causing SSI after clean surgery is S. aureus, followed by S. epidermidis. Enterococcus faecalis, Escherichia coli, and Bacteroides fragilis are common
pathogens in SSI after clean-contaminated surgery. The antibiotic chosen
should be directed primarily against staphylococci for clean cases and
high-risk clean-contaminated elective surgery of the biliary and upper gastrointestinal tracts. A ﬁrst-generation cephalosporin is the preferred agent for
most patients, with clindamycin preferred for patients with a history of anaphylaxis to penicillin [23]. Although methicillin-resistant S. aureus (MRSA)
has been isolated in the community from never-hospitalized patients, vancomycin prophylaxis is appropriate only in institutions where the incidence of
MRSA infection is high (O20% of all SSIs caused by MRSA).
When should parenteral antibiotics be given for optimum eﬀect? The best
time to give cephalosporin prophylaxis is within 1 hour before the time of
incision [24] (Table 4). Antibiotics given sooner (except possibly for longer
half-life agents such as metronidazole) are not eﬀective, nor are agents that
are given after the incision is closed. Antibiotics with short half-lives (!2 h,
eg, cefazolin or cefoxitin) should be re-dosed every 3 to 4 hours during surgery if the operation is prolonged or bloody [25]. There is still some beneﬁt if
the initial antibiotic dose is given intraoperatively, but none afterward.
Oral antibiotics can be administered for prophylaxis of SSI, provided
that the agent is chosen carefully based on spectrum, oral bioavailability,
and the potential need for the patients to take nothing orally for several
hours before general anesthesia. Considering the ease with which venous

Table 4
Risk of development of surgical site infection relative to timing of antibiotic prophylaxis
Timing

No. patients

No. (%) infections

RR (95% CI)

OR (95% CI)

Early
Preoperative
Perioperative
Postoperative
All

369
1,708
282
488
2,847

14
10
4
16
44

6.7* (2.9–14.7)
1.0
2.4 (0.9–7.9)
5.8* (2.6–12.3)

4.3* (1.8–10.4)

(3.80)*
(0.59)
(1.40)
(3.30)*
(1.5)

2.1 (0.6–7.4)
5.8* (2.4–13.8)

Early, administration more than two hours preoperatively, administration during the recommended interval (%2 h before skin incision); perioperative, administration within 2 hours after
the skin incision; postoperative, administration more than 2 hours after the skin incision is made.
* p ! 0.0001 as compared to preoperative group. RR, relative risk; OR, odds ratio.
Data from Classen DC, Evans RS, Pestotnik SL, et al. The timing of prophylactic administration of antibiotics and the risk of surgical-wound infection. N Engl J Med 1992;326:281–6.
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access can be established, there is little need for oral antibiotic prophylaxis
except in the case of colon surgery.
For what duration should prophylactic antibiotics be administered? The
need for hemostasis of the surgical incision creates an ischemic milieu. Antibiotics may not penetrate properly into the incision immediately following
surgery because of hypoperfusion owing to divided and cauterized vessels.
Single-dose preoperative prophylaxis should be standard [26], with intraoperative dosing as noted above. Unfortunately, excessively prolonged use
is both pervasive and potentially harmful for the patient. A 24-hour regimen
is often standard for orthopedic and cardiac/vascular surgery, owing in part
to a lack of data to suggest otherwise. Other than for solid-organ transplant
surgery, where therapeutic immunosuppression has made 48-hour regimens
standard, prolonged antibiotic prophylaxis is not needed. In particular, antibiotics should not be administered to cover indwelling drains or catheters, in
lavage ﬂuid, or as a substitute for poor surgical technique.
Preoperative topical antiseptics or antibiotics may also help prevent SSI.
A preoperative shower with an antiseptic soap (eg, povidone-iodine) should
be a standard part of preoperative preparation, but is omitted often. Topical
2% mupirocin ointment applied to the nares of patients who are chronic
carriers of S. aureus reduces the increased incidence of SSI that is characteristic of chronic staphylococcal carriage [27,28].
Prolongation of antibiotic prophylaxis beyond 24 hours not only provides
no beneﬁt, but also can be associated with several complications. Clostridium
diﬃcile-associated disease (CDAD) follows disruption of the normal balance
of gut ﬂora, resulting in overgrowth of the enterotoxin-producing C. diﬃcile.
The incidence of nosocomial CDAD is increasing [29]. The spectrum of disease is broad, ranging from asymptomatic illness to life-threatening transmural colitis with infarction or perforation. Although virtually any
antibiotic may cause CDAD even after administration of a single dose, prolonged antibiotic prophylaxis clearly increases the risk. Prolonged prophylaxis
also increases the risk of later nosocomial infections unrelated to the surgical
site, and the emergence of multi-drug resistant pathogens. Both pneumonia
and catheter-related infections have been associated with prolonged antibiotic
prophylaxis [29,30], as has the emergence of SSI caused by MRSA [31].
Current status of antibiotic prophylaxis in the United States
The current status of antimicrobial prophylaxis for major surgery in the
United States has been summarized by Bratzler and colleagues [32]. A retrospective study of 34,133 Medicare inpatients from 2965 acute-care hospitals
was conducted among records of patients undergoing open-chest cardiac
surgery, vascular surgery, colorectal surgery, hip and knee total-joint arthroplasty, and abdominal and vaginal hysterectomy in 2001. A dose of
antibiotics was administered to only 55.7% of patients (54.8%–56.6%)
within 1 hour of surgery, although the agents chosen were consistent with
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published guidelines 92.6% (92.3%–92.8%) of the time. Disconcertingly,
antimicrobial prophylaxis was discontinued within 24 hours of surgery
only 40.7% (40.2%–41.2%) of the time, and within 12 hours only 14.5%
of the time. Clearly, large numbers of patients are put at increased risk every
day by excessive administration of prophylactic antibiotics.
Antibiotic prophylaxis of trauma-related infections
Traumatic injury is profoundly immunosuppressive, and injured patients
are at high risk for the development of infection. The overall incidence of
infection after trauma is approximately 25% [33], with infection of a wound
(or an incision made as treatment) and nosocomial infection equally likely.
Certain patterns of injury in particular are independently associated with infectious morbidity, including hemorrhagic shock, the need for blood transfusion, heavy wound contamination, central nervous system injury, colon
injury, combined thoracoabdominal injuries, injuries to four or more organs, and increasing injury severity [34].
Certain characteristics of trauma add complexity. Obviously, antibiotics
must be administered following injury and injured tissues are vulnerable. Patients in shock are hypotensive and vasoconstricted, and tissue penetration
of antibiotics may be decreased. Ongoing blood loss may result in antibiotic
loss in shed blood, especially if the agent is highly protein-bound or if the
antibiotic is administered before hemorrhage is controlled. Postinjury ﬂuid
shifts and hypoalbuminemia can cause major ﬂuctuations in volume of distribution, which can be diﬃcult to estimate. As a result, it has been postulated that higher doses of antibiotics should be administered for the
prophylaxis of post-traumatic infection.
Despite the high risk, the basic principles of antibiotic prophylaxis still apply: Use of a safe, narrow-spectrum agent for a deﬁned brief period (certainly
no more than 24 hours), preferably one that has a limited role in the therapy of
infection (ie, ﬁrst- or second-generation cephalosporin) [27]. Multiple studies
indicate unequivocally that 24 hours of prophylaxis with a second-generation
cephalosporin is all that is necessary following penetrating abdominal
trauma, even in the presence of a colon injury or shock [35]. Although the
severity of injury increases the risk of infection, severe injury is not a justiﬁcation for prolonged surgical prophylaxis [29]. To do so is to increase the risk
of subsequent antibiotic-resistant infection without beneﬁt to the patient.
The operating room environment
Much of what is taken for granted in the modern operating room can, if
lapses occur, result in increased rates of SSI. The elements of proper operating
room design, management, and comportment have been reviewed with a close
look at supporting evidence [16].
Although such factors as proper sterilization technique and ventilation
should not be the everyday concern of the surgeon, operating room
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personnel must remain vigilant. The surgeon must be attentive to his or her
personal hygiene (eg, hand scrubbing, hair) and that of the entire team. Recent data indicate that a brief rinse with soap and water followed by use of
an alcohol gel hand rub is equivalent to the prolonged (and ritualized) session at the scrub sink [36].
Careful preparation of the skin with an appropriate antiseptic is essential.
No evidence has shown that one method (eg, alcohol-based versus povidoneiodine) is superior to another, nor has evidence been found to raise concerns
about lack of eﬃcacy of the new quick-drying gel formulations. However,
there are also no data to show that untreated or iodine-impregnated adhesive
plastic drapes reduce the risk of SSI, so routine use of such products may be
foregone.
About 20% of surgical gloves fail during an operation, so contamination
of the surgical ﬁeld, as well as contact between surgeon and the patient’s
body ﬂuids, are possible. Therefore, attention must be paid to regular inspection of gloves during a procedure. Likewise, most surgical gowns in
use oﬀer limited protection (1.5–2 hours at most) against strikethrough of
ﬂuids. It may be prudent to change gowns and gloves regularly (every 2
hours or so) during long procedures, and certainly if there is any evidence
of loss of integrity of barrier materials.
Although most ﬂora that pose a risk for SSI are skin-derived and inoculated during the procedure, airborne bacteria, especially staphylococci, pose
some risk. Surgeons who are chronic nasal carriers of S. aureus have higher
rates of SSI than do their noncolonized brethren. It is recommended that
surgical masks should cover the nose and mouth at all times, and that unnecessary traﬃc into the operating room and conversation at the operating
table be kept to a minimum.
Owing to evaporative water losses, administration of room-temperature
ﬂuids, and other factors, patients may become hypothermic during surgery
if they are not warmed. Maintenance of normal core body temperature is essential for decreasing the incidence of SSI. Two studies have corroborated
a seminal study showing that mild intraoperative hypothermia is associated
with an increased rate of SSI following elective colon surgery [37]. In one randomized study, 30 minutes of active preoperative warming reduced the rate of
SSI following minor clean operations [38], whereas an observational study of
290 patients showed that those who were allowed to become hypothermic
during diverse operations had a signiﬁcantly higher incidence of SSI [39].
Management of the incision
Cosmesis is important to patients, who naturally want wounds to be closed
for the sake of appearance. On the other hand, closure of a contaminated or
dirty wound is widely believed to increase the risk of SSI. This conﬂict poses
a dilemma for surgeons. The search goes on for innovative methods or adjuncts to wound closure that will both promote healing and ease cosmetic

SURGICAL SITE INFECTIONS

1127

concerns. Few good studies exist to help sort out the multiplicity of techniques, making this an area where tradition and anecdote seem to prevail
over science and wisdom. Tissues should be handled gently, and the use of
electrocautery for hemostasis should be minimized [40]. With respect to
wound closure, traditional teaching has advised that high-risk incisions
should be left open after surgery, with delayed primary closure performed
with sutures or adhesives approximately four days after surgery if the incision
‘‘looks okay.’’ Incisions that are deemed ‘‘not ready’’ or that fail delayed primary closure are left to heal by secondary intention in a process that takes
weeks and consumes precious home care resources. Such an approach could
hardly be less satisfying to the scientist or the advocate of evidence-based
practice. Patients, assuredly, don’t like open incisions either.
Can contaminated incisions be closed primarily? The data that exist are
mixed. It appears that muscle-splitting appendectomy incisions can be
closed primarily. Pediatric surgeons have been doing so routinely, and decision analysis indicates that primary closure is cost eﬀective if the rate of SSI
is less than 27% [41]. However, wound management techniques that may be
appropriate for appendectomy incisions may not be suitable for the management of larger abdominal incisions. One large prospective study demonstrated
that primary closure of contaminated midline abdominal incisions led to
more wound failures and greater cost than did delayed primary closure [42].
Drains placed in incisions probably cause more infections than they prevent. Sealing of the wound by epithelialization is prevented and the drain
becomes a conduit, holding open a portal for invasion of the wound by
pathogens colonizing the skin. Several studies of drains placed into clean
or clean-contaminated incisions show that the rate of SSI is not reduced
[43,44]; in fact, the rate is increased [45–49]. Considering that drains pose
a risk and accomplish little, they should rarely be used and removed as
soon as possible [50]. Under no circumstances should prolonged antibiotic
prophylaxis be administered to ‘‘cover’’ indwelling drains.
Wound irrigation remains controversial as a means of reducing the risk
of SSI. There is little information to suggest that routine low-pressure washing of an incision with saline reduces the risk of SSI [51], but high pressure
(ie, pulse-irrigation) may be beneﬁcial [52]. An increasing body of knowledge suggests that topical antibiotics placed into the incision during surgery
can minimize the risk of SSI [53–55], but it might be desirable to accomplish
the same result with topical antiseptics rather than antibiotics to minimize
the possibility of the development of resistance.

The postoperative period
Blood transfusion
In surgery and trauma, blood transfusions are common and may be lifesaving. Alternatives to transfusions in the acute setting are few. However,
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for hemodynamically stable postoperative patients, hemoglobin concentrations of O7 g/dL are well tolerated [56]. An expanding body of evidence
suggests that blood transfusion should be avoided, if possible. Blood transfusions have been associated with increased rates of nosocomial infection
following penetrating abdominal trauma independent of related factors
such as shock or acute blood loss [57]. Furthermore, blood transfusions
have been associated with increased injury severity and increasing transfusion volume in unselected trauma patients [58]. Blood transfusion therapy
of 6 to 20 units in the ﬁrst 12 hours following multiple trauma was associated with an increased risk of nosocomial infection [59], and even a singleunit transfusion carried demonstrable risk in another study [60]. The risk of
infection increased as the total transfusion volume increased, especially
when units were transfused after more than 14 days of storage [59]. A recent
meta-analysis estimated that transfusion of any volume of red blood cell
concentrates more than triples the risk of nosocomial infection compared
with no transfusion [61]. The postulated ‘‘storage lesion’’ is complex, but includes changes in oxygen aﬃnity, decreased membrane ﬂuidity and red
blood cell deformability, shortened circulation time, and the biologic consequences of cytokine generation and release. Recently, observational studies
have suggested that transfusion of critically ill patients increases the risk of
nosocomial infection [62], may worsen organ dysfunction, and increases
mortality [63].
Hyperglycemia, nutrition, and control of blood sugar
Hyperglycemia has several deleterious eﬀects upon host immune function, most notably impaired function of neutrophils and mononuclear phagocytes. Hyperglycemia may also be a marker of the catabolism and insulin
resistance associated with the surgical stress response, and that exogenous
insulin administration may ameliorate the catabolic state.
Poor control of blood glucose during surgery and in the perioperative
period increases the risk of infection, and worsens outcome from sepsis.
Diabetic patients undergoing cardiopulmonary bypass surgery have a
higher risk of infection of both the sternal incision and the vein harvest
incisions on the lower extremities [64]. Tight control of blood glucose by
the anesthesiologist during surgery decreases the risk. Moderate hyperglycemia (O200 mg/dL) at any time on the ﬁrst postoperative day increases
the risk of SSI fourfold after noncardiac surgery [65]. In a large randomized trial of critically ill postoperative patients, exogenous insulin administration to keep blood glucose concentrations !110 mg/dL was associated
with a 40% decrease of mortality, fewer nosocomial infections, and less organ dysfunction [66]. Meta-analysis of the approximately 35 existing trials
indicates that the risk of postoperative infection decreases signiﬁcantly by
tight glucose control, regardless of whether or not the patients had diabetes
mellitus [67].
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The need to manage carbohydrate metabolism carefully has important
implications for the nutritional management of surgical patients. Gastrointestinal surgery may render the gastrointestinal tract unusable for feeding,
sometimes for prolonged periods. Ileus is common in surgical ICUs, whether
from traumatic brain injury, narcotic analgesia, prolonged bed rest, inﬂammation near the peritoneal envelope (eg, lower lobe pneumonia, retroperitoneal hematoma, fractures of the thoraco-lumbar spine, pelvis or hip),
or other causes. Parenteral nutrition is used frequently for feeding, despite
evidence of a lack of eﬃcacy [68] and the possibility of hepatic dysfunction; hyperglycemia may be an important complication as well. Every effort should be made to provide enteral feedings, including the use of
promotility agents such as erythromycin [69]. Early enteral feeding (within
36 hours) reduces the risk of nosocomial infection by more than one half
among critically ill and injured patients [70].
Oxygenation
It seems logical that the administration of oxygen in the postoperative period should be beneﬁcial for wound healing and the prevention of infection
[71,72]. The ischemic milieu of the fresh surgical incision is vulnerable; vasodilation of local tissue beds to improve nutrient blood ﬂow to an incision
may help maintain normal body temperature for prevention of surgical site
infection. Moreover, oxygen has been postulated to have a direct antibacterial eﬀect [72]. However, clinical trials have had conﬂicting results [73,74]. In
a study of 500 patients undergoing elective colorectal surgery, administration of 80% oxygen (versus 30% oxygen) during surgery and for two hours
thereafter decreased the incidence of surgical site infection by more than
50% (5.2% versus 11.2%) [73], whereas another prospective trial of the utility of 80% versus 35% oxygen administered to 165 patients undergoing major intraabdominal procedures showed that the infection rate was twice as
high (25.0% versus 11.3%) after 80% oxygen [74]. Although the latter trial
can be criticized for the high overall rate of SSI (18.1%) and possible underpowering, controversy now surrounds the administration of supplemental
oxygenation speciﬁcally to reduce the incidence of surgical site infection.

New active device platforms for prevention of surgical site infection
Innovative technologies can be combined with established surgical practice to possibly decrease further the risk of SSI. Recognizing that two thirds
of SSIs are superﬁcial and stem from bacterial inoculation during surgery,
and that interventions to decrease SSI after surgery have little impact, surgical device manufacturers are introducing new dual-action or ‘‘active platform’’ devices. Such devices may soon reduce incidence of SSI.
To reduce the infection rates associated with plastic surgery, researchers
are studying the use of implantable tissue expander shells impregnated
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with antimicrobial agents [75]. Dermabond (Ethicon, Somerville, NJ), an octylcyanoacrylate tissue adhesive, is an eﬀective barrier to gram-positive and
gram-negative motile and nonmotile bacterial species [76]. The adhesive is
noninvasive, easy to apply, and seals the incision rapidly compared with other
wound-healing adjuncts. An antibacterial suture, VICRYL Plus Antibacterial (Ethicon), can inhibit S. aureus, S. epidermidis and methicillin-resistant
strains of Staphylococcus (MRSA and MRSE) [77]. Polyglactin suture is
coated with triclosan (2,2,4#-trichloro-2#-hydroxy-diphenyl ether), an antiseptic agent that has been used in many commercial products, and that has
activity against the common gram-positive bacteria known to cause SSIs.
Triclosan appears to suppress the adherence of viable gram-positive bacteria
to the suture, and to diﬀuse into adjacent tissues to provide a long-lasting
antibacterial eﬀect. Higher concentrations of triclosan may inhibit gramnegative bacteria, as well. Addition of triclosan to the coating does not alter
the handling properties and performance characteristics of the suture [78,79].
Kerlix Antimicrobial Dressing, (Tyco Health Care, Mansﬁeld, MA), contains polyhexamethylene biguanide, an antimicrobial component that resists
bacterial colonization within the dressing and reduces bacterial penetration
through the dressing [80]. This component may provide protection against
gram-positive, gram-negative, and fungal microorganisms [80]. Native
skin ﬂora is not aﬀected, promoting the maintenance of host defenses
[80]. However, any beneﬁt is questionable after incision epithelization occurs
(by about 24 hours).
Acticoat with Silcryst Nanocrystals (Smith & Nephew, Largo, FL) is an
eﬀective antimicrobial barrier dressing. The nanocrystalline coating of silver
kills a broad spectrum of bacteria in as little as 30 minutes and is eﬀective for
at least 3 days [81]. Acticoat dressing consists of three layers: An absorbent
inner core sandwiched between outer layers of silver-coated, low-adherence
polyethylene net. Nanocrystalline silver protects the wound site from bacterial contamination, whereas the inner core helps maintain the moist environment best for wound healing. Acticoat 7 (Smith & Nephew), another
antimicrobial barrier dressing, consists of ﬁve layers: Two layers of an absorbent inner core alternating with three layers of silver-coated, low-adherent
polyethylene net. Acticoat and Acticoat 7 can be used to manage chronic
wounds and burn wounds as an antimicrobial barrier layer, but the beneﬁt
for a vulnerable surgical incision is unknown.
Treatment of surgical site infection
Only one constant has guided the management of an established SSI: Incise and drain the incision. Often, opening the incision and applying basic
wound care (eg, topical saline-soaked wet-to-dry cotton gauze dressings)
are suﬃcient, provided that the incision is opened wide enough to facilitate
wound care and the diagnosis of associated conditions. Making an incision
too small may fail to bring the infection under control. Most nostrums other
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than physiologic saline applied to gauze dressings (eg, modiﬁed Dakin’s solution, 0.25% acetic acid solution) actually suppress ﬁbroblast proliferation
and may delay secondary wound healing.
Opening the incision adequately is essential not only to gain control of
the infection, but also to diagnose and treat any associated conditions,
such as skin, subcutaneous tissue, or fascial necrosis that requires debridement; fascial dehiscence or evisceration that requires formal abdominal
wall reconstruction; or drainage from beneath the fascia that could signal
an organ/space infection or an enteric ﬁstula. Without control of complicating factors, an SSI is diﬃcult or impossible to control.
Antibiotic therapy is not required for uncomplicated SSIs that are
opened and drained adequately and that receive appropriate local care.
Likewise, if antibiotic therapy is unwarranted, then culture and susceptibility testing of wound drainage are of no value and can be omitted. Even if
cultures are taken, routine swabs of drainage are not recommended because
the risk of contamination by commensal skin ﬂora is high, reducing utility.
Rather, tissue specimens or an aliquot of pus collected aseptically and anaerobically into a syringe are recommended for analysis.
Antibiotics may be indicated if there is systemic evidence of toxicity (eg,
fever, leukocytosis) or cellulitis that extends more than 2 cm beyond the incision. Antibiotics are also indicated as adjunctive management of several of
the complications mentioned above. The choice of antibiotic is deﬁned by
the operation performed through the incision and the likely infecting organism, as discussed. Coverage against gram-positive cocci is indicated in most
circumstances.
Wound closure by secondary intention can be protracted and disﬁguring.
Reports of vacuum-assisted wound closure (VAC) proliferate. Putative beneﬁts of VAC dressings include reduced inﬂammation, increased ﬁbroblast
activity, improved wound hygiene as ﬂuid is aspirated continuously from
the ﬁeld, and more rapid wound contraction and closure [82]. However,
these beneﬁts remain conjectural in the absence of deﬁnitive Class 1 data.
Summary
Promoting the healing process is an important consideration for both
surgeons and patients. Certain timeless principles remain important, including preparation of the patient, careful adherence to sterile technique and infection control, judicious short-term use of antibiotics, and minimization of
interventions that impair host defenses. Growth factors, silver hydrocolloid
dressings, and the application of negative-pressure dressings can promote
healing of chronic wounds, while suture materials, dressings, and coated
prosthetic devices may reduce the incidence of SSI. However, adherence
to established guidelines has been demonstrated to reduce the incidence of
SSI by 27% [83]. Reducing SSIs as much as possible should be the goal
of all surgical practitioners and health systems.
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Health-Care–Associated Infections
and Prevention
Traci L. Hedrick, MD*, Robert G. Sawyer, MD
Surgical Infectious Disease Laboratory, PO Box 801380, Department of Surgery,
University of Virginia Health System, Charlottesville, Virginia 22908, USA

Health-care–associated infections (HAIs) remain a leading cause of perioperative morbidity and mortality, contributing substantially to rising
health-care costs. Currently, one out of every 10 surgical patients develops
an HAI [1]. Several factors predispose surgical patients to the development
of infection. One is the insult of surgery, which causes corticosteroid and
catecholamine release resulting in transient immunodeﬁciency [2]. Another
is postsurgical pain, which leads to immobility and facilitates the development of atelectasis and subsequently pneumonia. Additionally, surgical patients often require the placement of indwelling devices, promoting infection
through barrier compromise and bioﬁlm formation. The authors will brieﬂy
review three of the most commonly acquired HAIs, focusing predominantly
on preventive strategies speciﬁc to each infection.

Health-care–associated pneumonia
A. Epidemiology
Health-care–associated pneumonia (HAP) is deﬁned as any case of pneumonia beginning 48 hours or more following admission. In the case of ventilated patients, this is referred to as ventilator-associated pneumonia
(VAP). Although HAP is the second most frequent HAI, it accounts for
most HAIs in intensive care unit (ICU) patients and is the most lethal
[3,4]. Aspiration of oropharyngeal and gastric contents is the leading cause
of HAP. The time of acquisition determines the causative organism. Earlyonset pneumonia (%96 hours following admission) is caused by Escherichia
coli, Klebsiella spp, Streptococcus pneumoniae, Haemophilus inﬂuenzae, and
* Corresponding author.
E-mail address: th8q@virginia.edu (T.L. Hedrick).
0039-6109/05/$ - see front matter Ó 2005 Elsevier Inc. All rights reserved.
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Staphylococcus aureus, while late-onset pneumonia is associated with methicillin-resistant S. aureus (MRSA) and Pseudomonas aeruginosa [5]. Box 1
lists the most common risk factors associated with HAP.
B. Diagnosis and treatment
Traditionally, diagnosis of HAP relied on the presence of fever, cough, or
purulent sputum, with a new or progressive inﬁltrate on a chest radiograph
[6]. Over the past decade, eﬀorts have been made to improve diagnostic utility through the use of quantitative culture and lower airway sampling via
bronchoalveolar lavage or protected brush specimen. Currently, high-level
evidence is insuﬃcient to suggest deﬁnitively that either improves outcome
[7,8]. But the invasive approach to VAP diagnosis provides a more accurate
microbiologic diagnosis. Whether these techniques will prove superior in
multicenter prospective trials is yet to be determined. Treatment of HAP requires early initiation of empiric broad-spectrum antibiotics narrowed once
microbiological proﬁles become available. Past recommendations for treatment duration have been 14 to 21 days [5]. However, a recent randomized
trial by Chastre et al. [9] suggests 8 days is equivalent to 15 days for the
treatment of VAP.

Box 1. Risk factors associated with health-care–associated
pneumonia
Administration of antacids or histamine type-2 antagonists
Supine positioning
Coma
Paralytics
Enteral nutrition
Nasogastric tube
Reintubation
Tracheostomy
Patient transport
Acute respiratory distress syndrome
Prior antibiotic exposure
Age greater than 60 years
Admitting diagnosis of burns, trauma, or coagulase-negative
staphylococcus disease
Presence of intracranial pressure monitoring
Data from Cook DJ, Kollef MH. Risk factors for ICU-acquired pneumonia. JAMA
1998;279(20):1605–6.
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C. Prevention
The Centers for Disease Control (CDC) recently published evidencebased guidelines for the prevention of HAP (Boxes 2 and 3) [6]. Preventive
strategies are categorized below into four groups as they pertain to surgical
patients.
1. Factors related to endotracheal intubation
The incidence of pneumonia in ventilated patients increases at a rate of
1% to 3% per day of mechanical ventilation [10]. Several studies support
the use of noninvasive positive-pressure ventilation to avoid intubation in
patients with cardiogenic pulmonary failure [11] and the use of weaning
and sedation protocols to reduce the incidence of VAP [12,13]. Avoidance
of nasotracheal intubation can prevent the development of VAP through
prevention of sinusitis [14–16]. A randomized trial demonstrated that a systematic search for sinusitis in nasotracheally intubated patients decreased incidence of VAP and improved mortality [17].
2. Factors related to mechanical ventilation
Condensate within the ventilator circuit forms at a rate of 30mL/h and is
rapidly colonized, serving as a route of contamination [18]. By frequently
draining condensate and avoiding routine changes of ventilator tubing, incidence of VAP can be reduced [18–20]. Heat and moisture exchangers for
humidiﬁcation may slightly reduce the incidence of VAP and are more
cost-eﬀective while less labor-intensive than conventional methods [21–23].
The type of endotracheal suctioning system (open versus closed) does not
aﬀect the incidence of VAP [24–27]. However, with elimination of routine
in-line catheter changes, the closed system is more cost-eﬀective [28].
Subglottic suctioning reduces the incidence of VAP and shortens the duration of mechanical ventilation. However, such suctioning does not aﬀect
mortality [29–31].
3. Pharmacologic intervention
Medical experts have not reached a consensus on the best method to prevent stress ulcers in patients at risk for HAP. Whether gastric acid suppression leads to increased aerodigestive colonization and higher rates of HAP is
yet to be determined [32–36]. Selective gut decontamination involves combination oral and enteral antimicrobials with a short course of parenteral antibiotics to reduce the colonization of the aerodigestive tract with pathogenic
microorganisms. Multiple randomized trials demonstrate that selective gut
decontamination reduces incidence of VAP and mortality, particularly in
surgical and trauma patients. However, this practice has yet to gain acceptance in the United States because of fear that such treatment will lead to
antimicrobial resistance [37–41]. Chlorhexidine gluconate oral rinse in critically ill ventilated patients is a safe and eﬀective way to reduce the incidence
of VAP [42,43].
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Box 2. CDC guidelines for preventing health-care–associated
pneumonia
Staff education
1. Educate staff on epidemiology and infection-control measures
related to HAP.
Surveillance
1. Conduct surveillance of HAP in ICU and return data to
personnel.
2. Avoid routine culture in absence of clinical suspicion.
Transmission
1. Thoroughly clean all equipment to be sterilized.
2. Sterilize equipment properly.
3. Rinse sterile equipment with sterile water if needed.
4. Do not sterilize or disinfect internal machinery of ventilators
or anesthesia equipment. However, clean and sterilize
reusable components of the system between patients,
according to guidelines from the manufacturer.
5. Change breathing circuits, heat moisture exchangers,
or humidifier tubing only when visibly soiled or
nonfunctioning.
6. Drain tubing condensate away from the patient.
7. Use sterile water with bubbling humidifiers.
8. Between treatments, clean, disinfect, and rinse small-volume
nebulizers with sterile water.
9. Use sterile fluid for nebulization and dispense it aseptically.
10. Use aerosolized medication in single-dose vials when
possible.
11. When using mist tents, replace all disposable parts between
each use on different patients with sterilized or highly
disinfected equipment.
12. Subject mist-tent nebulizers, reservoirs, and tubing used on
the same patient to daily low-level disinfection or
pasteurization followed by air-drying.
13. Subject resuscitation bags, respirometers, and ventilator
thermometers to sterilization or high-level disinfection
between uses on different patients.
14. Do not use large-volume room-air humidifiers unless they
can be sterilized or subjected to high-level disinfection.
15. Adhere to standard precautions.
16. Perform and change tracheostomy tube under aseptic
conditions.
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17. If an open-system suction catheter is used for suctioning of
respiratory tract secretions, use a sterile, single-use catheter.
18. Use only sterile fluid to flush the suction catheter.
Modifying host
1. Administer the pneumococcal vaccine to persons 65 years or
older, those with chronic medical conditions, all transplant
patients, and those in long-term care facilities.
2. Use noninvasive ventilation initially or for weaning from
mechanical ventilation whenever feasible to reduce the need
for endotracheal intubation.
3. Avoid reintubation.
4. Perform orotracheal, rather than nasotracheal, intubation,
unless contraindicated.
5. Use an endotracheal tube with dorsal lumen above the
cuff to allow intermittent or continuous suctioning of
subglottic secretions.
6. Clear all subglottic secretions before deflating the cuff.
7. Elevate the head of the bed 30–45 unless contraindicated.
8. Routinely verify appropriate placement of the feeding tube.
9. Develop and implement an oral-hygiene program for ICU
patients.
10. Preoperatively instruct high-risk surgical patients about the
importance of taking deep breaths and ambulating in the
immediate postoperative period.
11. Encourage all postoperative patients to take deep breaths
and ambulate unless contraindicated.
12. Use incentive spirometry on postoperative patients at high
risk for pneumonia.
From Guidelines for preventing health-care–associated pneumonia. 2003 Recommendations of the CDC and the Healthcare Infection Control Practices Advisory
Committee. Respir Care 2004;49(8):926–39.

4. Miscellaneous
Semi-recumbent positioning prevents pneumonia in ventilated patients
[44–46]. However, the eﬀectiveness of kinetic therapy and prone positioning
in preventing VAP is not ﬁrmly established [47,48]. Based on several small
randomized clinical trials, the use of epidural anesthesia for perioperative
pain control may lead to fewer postoperative cases of pneumonia [49–52].
Data is scant regarding feeding of mechanically ventilated patients, especially
surgical patients, at risk for VAP. Today, the evidence does not support the
use of small bore feeding tubes, the practice of measuring gastric residual
volumes, or postpyloric feeding in the prevention of VAP [53–60].
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Box 3. Relevant CDC unresolved issues for preventing HAP
1. Placement of filter to collect condensate from mechanical
ventilator breathing circuit
2. Use of closed, continuous-feed humidification system
3. Use of heat moisture exchangers or heated humidifiers
in patients receiving mechanical ventilation
4. Daily application of topical antimicrobial agents to the
tracheostoma
5. Use of closed- or open-system suction catheters for
suctioning of respiratory tract secretions in ventilated
patients
6. Wearing of sterile or clean gloves when endotracheal
suctioning
7. Frequent changing the in-line suction catheter of a
closed-suction system in use on one patient
8. Administration of granulocyte-colony stimulating factor or
intravenous gamma globulin for prophylaxis
9. Enteral administration of glutamine
10. Preferential use of small-bore enteral feeding tubes
11. Continuous versus intermittent enteral feedings
12. Postpyloric versus gastric enteral tubes
13. Routine use of oral chlorhexidine rinse in postoperative or
high-risk patients
14. Oral decontamination with topical antimicrobial agents
15. Preferential use of sucralfate, H2-antagonists, or antacids for
stress ulcer prophylaxis in ventilated patients
16. Selective decontamination of the digestive tract
17. Routinely conduct acidifying gastric feeding
18. Systemic antibiotic prophylaxis
19. Scheduled changes in the class of antimicrobial agents used
for empiric therapy
20. Rotational therapy, either by ‘‘kinetic’’ therapy or by
continuous lateral rotational therapy
From Guidelines for preventing health-care–associated pneumonia. 2003 Recommendations of the CDC and the Healthcare Infection Control Practices Advisory
Committee. Respir Care 2004;49(8):926–39.

Health-care–associated urinary tract infection
A. Epidemiology
Catheter-associated urinary-tract infection (CAUTI) is the most common
health-care–associated infection worldwide [61]. CAUTIs are problematic
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not only for their attributable morbidity and mortality. They also can harbor resistant organisms and have been linked to the development of surgical-site infections [62,63]. Traditionally, E coli has been the most
commonly isolated organism from patients with bacteriuria [64]. However,
the most common isolates among patients at our institution are now Candida
spp (35%), Enterococcus spp (30%), and E coli (16%). Pathogenic microorganisms typically gain access to the urinary system through extraluminal
ascent and less frequently through intraluminal contamination from reﬂux
through the drainage system.
B. Diagnosis and treatment
Up to 90% of patients with a CAUTI lack symptoms, making diagnosis
diﬃcult [65]. The most accepted deﬁnition of a urinary-tract infection is
a urine specimen growing greater than 105 colony forming units (CFUs)
per milliliter for noncatheterized patients [66]. However, data suggest that
once normally sterile urine is inoculated through an indwelling catheter,
progression to concentrations greater than 105 CFU/mL occurs within 72
hours [67]. Therefore, many clinicians consider concentrations greater
than 103 CFU/mL in a properly collected specimen to be clinically relevant
in a catheterized patient with symptoms [68].
Management of CAUTI should include removal or replacement of the
urinary catheter. Because causative microorganisms are often multiresistant,
broad-spectrum antibiotics should be initiated and narrowed accordingly.
Treatment duration for CAUTI has scarcely been addressed. One small
study in women with CAUTI demonstrated single-dose therapy to be as effective as 10 days of therapy for asymptomatic patients and those with lowertract symptoms alone [69]. Current Infectious Diseases Society of America
(IDSA) guidelines recommend 3-day treatment for uncomplicated cystitis [70].
Therefore, the best treatment for patients with CAUTI is likely between
3 and 14 days, but the exact number of days is yet to be determined. The question
of whether it is useful to treat patients with asymptomatic candiduria is also
unresolved [71].
C. Prevention
Eight risk factors are associated with increased rates of CAUTI [64,116].
These factors are listed in Box 4.
The most important risk factor for the development of a urinary-tract infection in a hospitalized patient is the presence of a urinary catheter. Often
such catheters are used inappropriately and remain in place unnoticed by
clinicians [72]. Daily prompting by the nursing staﬀ to remove unnecessary
catheters signiﬁcantly decreases the duration of catheterization and incidence of CAUTI in an ICU setting [73]. Other eﬀective strategies to prevent
CAUTI include catheter insertion by properly trained personnel using
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Box 4. Risk factors associated with CAUTI
Duration of catheterization
Lack of systemic antibiotic during short catheter courses
Lack of urimeter drainage
Female sex
Diabetes mellitus
Microbial colonization of the drainage bag
Serum creatinine greater than 2 mg/dl at the time of
catheterization
Severity of illness
aseptic technique and sterile equipment, maintenance of closed sterile drainage, and maintenance of unobstructed urine ﬂow [74].
Through regression analysis, the use of antibiotic therapy was found to
be a protective factor in preventing CAUTI [75]. Methodological concerns
plague the few randomized trials evaluating prophylactic antimicrobial
use and overall do not provide suﬃcient evidence to support such practice
[76–78]. Multiple studies have failed to demonstrate the eﬃcacy of daily regimented metal cleaning, bladder irrigation with antiseptic or antibiotic solution, or the addition of a disinfectant to the collection system in the
prevention of CAUTI [79–84]. Alternatives to transurethral catheterization,
including condom catheters and suprapubic catheters, may reduce the incidence of CAUTI [85–90]. However, suprapubic catheters are associated with
mechanical problems and may be best suited for patients with long-term
catheters [85].
Results are mixed with regard to the use of silver-coated urinary catheters.
Two large randomized trials demonstrate no beneﬁt with silver-oxide–impregnated catheters in preventing CAUTI [91,92]. Silver-alloy–coated catheters and hydrogel-silver-ion–coated catheters may be beneﬁcial. However,
the evidence about the eﬀectiveness of their use is conﬂicting [93–96].
Intravascular-catheter–related infections
A. Epidemiology
Intravascular-catheter–related infections (CRIs) account for many HAIs
acquired by surgical patients. Causative organisms include Coagulase-negative Staphylococcus (CNS), S aureus, gram negative bacilli and Candida spp.
MRSA now accounts for 60% of all S aureus isolates acquired from ICUs
[97]. CRI stems most commonly from contamination of the extraluminal
catheter surface with skin ﬂora. The intraluminal surface may also become
contaminated from infusates or through hematogenous spread. Risk factors
associated with CRIs are given in Box 5:
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Box 5. Risk factors for intravascular catheter related infections
Internal jugular catheterization
Duration of catheterization ‚8 days
Polyvinyl or polyethylene catheters
Frequent manipulations
Improper aseptic technique during insertion
Increasing number of catheter lumens
Povidone-iodine skin antisepsis
Use of the catheter for TPN
Data from Oncu S, Ozsut H, Yildirim A, et al. Central venous catheter related
infections: Risk factors and the effect of glycopeptide antibiotics. Annals of Clinical
Microbiology and Antimicrobials 2003;2(1):3.

B. Diagnosis and treatment
Local signs of infection at the catheter site are normally absent. However,
in the presence of local or systemic signs of infection, the isolation of more
than 15 CFUs or 102 CFUs from a catheter by means of semiquantitative or
quantitative culture, respectively, indicates a CRI [98]. Two sets of percutaneous blood cultures may conﬁrm the presence of a bloodstream infection.
However, the authors have previously observed that bloodstream infection
in the setting of a CRI is not an independent predictor of outcome [99].
Treatment of CRIs involves empiric antibiotic therapy with vancomycin
or linezolid that targets the most likely pathogens, CNS and MRSA. In the
presence of severe sepsis or immunosuppression, empiric coverage for gramnegative bacilli and Candida spp may be necessary. In general, the catheter
should be removed and antibiotic treatment continued for 10 to 14 days if
blood cultures are positive. For patients with septic thrombosis or endocarditis, treatment should be continued for 4 to 6 weeks. All patients with S aureus CRI with bloodstream infection or associated valvular heart disease
should undergo transesophageal echocardiogram in the absence of contraindication to evaluate for vegetations. In uncomplicated cases of CNS infection, the catheter sometimes may be retained with 7 to 14 days of
antibiotic treatment and antibiotic lock therapy. Antibiotics need only be
continued for 5 to 7 days in patients with uncomplicated CRI caused by
CNS if the catheter is removed [98].
C. Prevention
Practices that decrease the rate of CRI include proper hand hygiene
and sterile barrier precautions (eg, large drape, hat, mask, and sterile gown)
during central venous catheter (CVC) insertion, skin antisepsis with 2%
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chlorhexidine gluconate rather than povidone-iodine, and the use of
polyurethane catheters rather than polyvinyl chloride or polyethylene catheters [100–103]. The subclavian position is the preferred site for temporary
CVCs in preventing CRI when feasible [104]. While catheters impregnated
with chlorhexidine and silver sulfadiazine or with minocycline and rifampin
have reduced infectious complications, considerations for using such catheters must be balanced against potential risks of antimicrobial resistance
[105–107]. CDC guidelines recommend the use of ‘‘an antimicrobial or antiseptic-impregnated CVC in adults whose catheter is expected to remain in
place more than 5 days if, after implementing a comprehensive strategy to
reduce rates of CRI, the CRI rate remains above the goal set by the individual institution’’ [104]. It is recommended that peripheral catheters be rotated
every 72 to 96 hours [104]. However, the routine replacement or rewiring of
CVCs does not prevent CRI and is associated with increased mechanical
complications [108]. Finally, staﬀ education for all providers inserting,
maintaining, and using intravascular catheters cannot be overemphasized
in the prevention of CRI. For a complete description of CRI preventative
strategies, the reader may refer to CDC Intravascular Catheter Guidelines
[104].

Hand hygiene
Semmelweis demonstrated in 1847 that maternal mortality signiﬁcantly
improved following implementation of a hand-hygiene policy [109]. Since
that time, numerous studies have demonstrated the cost-eﬀectiveness and
eﬃcacy of hand washing in reducing the incidence of HAI [110–112]. Yet,
on average, medical professionals adhere to basic hand hygiene recommendations only 40% of the time [109]. Adherence to recommended handhygiene practices can be improved through education, feedback, and the
use of waterless alcohol-based hand-rub solutions in pocketsize and bedside
dispensers [109,113].

Summary
Over the last 30 years the medical community has witnessed a signiﬁcant
reduction in the incidence of bloodstream infections, urinary tract infections, HAPs, and surgical-site infections [114–117]. This improvement
is the cumulative result of many of the novel preventative strategies highlighted in this review. In recent years, technological advances have led
to better outcomes. Even so, future improvements may still depend on increasing compliance with the simplest interventions, such as correct hand
hygiene. Only through a multifaceted approach involving basic science
and clinical research, practice improvement, and continuous outcomes
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monitoring will the rates of health-care–associated infections be reduced to
the absolute minimum.
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Metabolic disorders are common and relevant in surgical patients. A
number of endocrinopathies, electrolyte problems, or metabolic derangements may either preexist or develop during the course of surgical treatment. Left unattended, these disorders may lead to signiﬁcant morbidity
and mortality. Early recognition, adequate diagnostic evaluation, and strict
perioperative metabolic control are the mainstays of successful surgical intervention in aﬀected patients.

Diabetes mellitus
The prevalence of diabetes mellitus, the most common endocrine disorder
in the United States, rose by 40% among adults between 1990 and 1999.
Roughly 16 million Americans were aﬀected by this disease at the turn of
the millennium [1,2]. In addition, most estimates suggest a rising incidence
in coming years, which is mainly attributed to a rapid increase of type 2 diabetes in recent decades. The lifetime likelihood of developing diabetes is
32% for males and 39% for females born in the year 2000 [2]. Its incidence,
by nature, rises with age, and thus pertains to a large percentage of patients
admitted to surgical services. Diabetics undergoing surgery or major trauma
suﬀer an increased risk of perioperative complications, mainly because of
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a higher infection rate, compromised wound healing, ischemic complications, and longer hospital stays [3,4]. In addition, diabetic patients frequently have undiagnosed atherosclerotic cardiovascular disease, running
the risk of potential vascular thrombotic sequelae promoted by the procoagulant eﬀects of transient hyperglycemia [5,6]. Even in previously nondiabetic patients, the occurrence of acute hyperglycemia during critical illness
correlates with adverse outcomes [7], demonstrating the importance of precise glucose control in any patient admitted to a surgical intensive care unit
(ICU).
Diagnosis and classiﬁcation
A new classiﬁcation by the World Health Organization (WHO) and the
American Diabetes Association (ADA) was introduced in 2003 [8], deﬁning
4 categories of the diabetes (Box 1). However, of all patients who have diabetes, 95% suﬀer from diabetes mellitus type 2. It is not uncommon for
a diagnosis of diabetes mellitus type 2 to be ﬁrst made upon routine evaluation of patients admitted for common surgical procedures. Diagnostic criteria include the presence of classic symptoms of diabetes in combination
with casual (any time of day without regard to last meal) plasma glucose values exceeding 200 mg/dL (11.1 mmol/L), or fasting plasma glucose values
(no caloric intake for at least 8 hours) above 125 mg/dL (7 mmol/L). Any

Box 1. WHO and ADA classification of diabetes mellitus
1. Type 1: characterized as immune-mediated or idiopathic
2. Type 2: may range from predominately insulin resistance with
relative insulin deficiency to a predominately secretory defect
with insulin resistance
3. Other types. Caused by or related to any of the following:
 Genetic defects of b-cell function
 Genetic defects in insulin action
 Diseases of the exocrine pancreas
 Endocrinopathies
 Drug- or chemical-induced
 Infections
 Uncommon immune-mediated forms
 Other genetic syndromes associated with diabetes
4. Gestational diabetes mellitus
Adapted from The report of the expert committee on the diagnosis and classification of diabetes mellitus. Diabetes Care 2003;26(Suppl 1):S5–20; with
permission.
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positive measurement needs to be conﬁrmed on the following day to allow
for a ﬁrm diagnosis of diabetes mellitus [8].
Perioperative metabolic control in diabetic patients
Regarding perioperative management of diabetic patients, a clear distinction must be made between insulin-deﬁcient diabetic patients, who require
insulin at all times, and type 2 diabetics on oral antidiabetic drugs, who
are often able to maintain normoglycemia despite discontinuation of their
antidiabetic medication upon surgical treatment. In latter patients, oral hypoglycemic agents are routinely withheld on the day of surgery and resumed
later along with a normal diet. The administration of metformin, which has
a potential to alter perioperative renal function, should be discontinued until normal renal parameters are conﬁrmed 48 to 72 hours postoperatively.
When treated with insulin, type 2 diabetic patients often exhibit near-normal
blood glucose values upon diet-restriction alone, and require only supplemental short-acting insulin by sliding scale [5]. Their previous insulin regimen should be withheld until normal dietary intake is resumed.
In insulin-dependent diabetic patients, perioperative insulin replacement
is more elaborate, and clinicians are faced with several options. Ideally, subcutaneous insulin is replaced by continuous intravenous insulin perioperatively, begun on the morning of surgery at a rate of 1 to 2 U/h in
combination with intravenous dextrose [9]. This method allows for exact
regulation of plasma glucose values by adjusting the ratio of insulin/dextrose and should be continued until normal dietary uptake is established
postoperatively. If continuous intravenous insulin is not an option, glycemic
control can be achieved using reduced doses of subcutaneous intermediateand short-acting insulin combinations with a background intravenous
dextrose infusion that can be titrated [9]. Patients using long-acting insulin
regimens should either be shifted to shorter-acting agents or be given two
thirds of their bedtime dose in the evening before surgery and half their usual morning dose on the morning of surgery. Another option is the use of
combined glucose-insulin-potassium infusions as ﬁrst proposed by Alberti
in 1979 [10]. The choice of which perioperative insulin strategy to use depends largely on the expertise of hospital and nursing staﬀs to correctly
monitor and adjust blood glucose values, the general condition of the patient, and the extent of the planned surgical procedure. Short, less-invasive
operations, or those performed with local, regional, or epidural anesthesia,
do not require continuous intravenous insulin. This method is proven superior in most cases that require general anesthesia, as long as medical personnel are adequately trained to safely handle and monitor a continuous
intravenous insulin regimen [3]. If in doubt about which method to choose,
or in the case of any long-standing diabetic patient with a history of frequent
glycemic excursions, an interdisciplinary approach with specialized endocrinologists or diabetologists should be sought. These patients require exact

1156

TURINA

et al

preoperative evaluation and frequent follow-up visits throughout their hospitalization to avoid metabolic derangements and increased mortality.

Hyperglycemia in previously non-diabetic individuals
Critical illness and severe surgical stress each trigger a metabolic response
that invariably causes a transient increase in plasma glucose concentrations,
creating stress hyperglycemia. Its occurrence is common in surgical ICUs,
with almost 75% of previously admitted patients exceeding 110 mg/dL and
12% exceeding 200 mg/dL in a mixed surgical ICU population [7]. In previous years, a cutoﬀ value of 200 mg/dL was used both as a diagnostic marker
and a threshold above which to initiate insulin treatment. However, more recent, well-performed clinical trials have demonstrated that blood glucose levels already above the physiologic threshold of 110 mg/dL are associated with
higher ICU morbidity and mortality rates. Thus, most clinicians today no
longer consider 200 mg/dL an adequate threshold to initiate insulin therapy.
Stress hyperglycemia is caused and sustained by a variety of factors. Activation of the hypothalamic-pituitary-adrenal (HPA) axis, increased circulating levels of epinephrine, norepinephrine, glucagon, and growth hormone
all promote hepatic glycogenolysis, gluconeogenesis, and the release of glucose into the circulation. Insulin levels are usually normal or decreased, presumably by a release-inhibiting eﬀect of interleukin-1 (IL-1) and tumor
necrosis factor-a (TNF-a). Both IL-1 and TNF-a, but also IL-6, are known
to further induce a state of peripheral insulin resistance, which combined
with the above-mentioned endocrine changes, relative insulin deﬁciency,
and the common iatrogenic dextrose and nutritional support, all work together to keep blood glucose levels supranormal [11,12].
Once established, stress hyperglycemia in critical illness serves as a strong
predictor of adverse outcome. Many large clinical trials have demonstrated
a direct association between blood glucose levels and increased rates of infectious complications, organ dysfunction or failure, and death rates on the
ICU [7,13–17]. Table 1 gives an overview of the most recent clinical trials. In
2001, van den Berghe and colleagues conducted a randomized controlled
trial on 1548 surgical ICU patients, comparing strict blood glucose control
aimed at restoration of physiologic concentrations (80–110 mg/dL) with
a control group receiving insulin only above a blood glucose level of 215
mg/dL. After 12 months, ICU mortality fell from 8% with conventional
treatment to 4.6% in the intensive insulin group, and total in-hospital mortality declined 34%, an eﬀect mainly attributed to a reduction of infectious
complications, organ failure rates, and transfusion requirements. Despite
these impressive results, the exact glucose level to be targeted continues to
be debated, as not all investigators recorded a diﬀerence in outcome between
patients kept at physiologic glucose levels and those slightly exceeding this
range [18]. In addition, many remain concerned about the potential risk
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Table 1
Clinical trials related to surgical patients and diabetes
Author

Study design

Van den
PRCT. 1548 surgical patients.
Berghe,
Randomization to receive either
et al [7]
tight glucose control (80–110 mg/
dL), or ‘‘conventional’’ control
(only !215 mg/dL)
Finney,
Prospective, observational,
et al
523 surgical patients.
[13]
Multivariable analysis
of insulin treatment and
blood glucose levels
versus ICU outcome
Malmberg, PRCT. 620 diabetic AMI patients.
et al
Randomized diabetics to tight
[14]
blood glucose control with an
initial insulin/glucose infusion
or conventional therapy
Krinsley
Retrospective analysis of
JS [15]
blood glucose levels vs.
clinical outcome in 1826
medical/surgical ICU
patients
Krinsley
PNRCT of an intensive glucose
JS [16]
management protocol in a
heterogeneous population of 800
medical/surgical ICU patients.
Grey,
PRCT. 61 surgical ICU patients,
et al
randomized to strict (target
[17]
glucose range 80–120 mg/dL), or
‘‘standard’’ insulin therapy (target
glucose range 180–220 mg/dL)

Outcome

Issues

Total mortality: 34%;
bloodstream
infections: 46%;
renal failure: 41%

High percentage
of CT surgery
patients. Few
if any medical
patients
Mainly CT
surgery. No
medical
patients

Lower glucose ¼
better outcome,
but high insulin
requirements
associated with
adverse outcome
Improved survival,
most notable in
patients with lowest
risk and least
previous insulin use
Lowest mortality with
80–99 mg/dL glucose.
Progressive increase
in mortality with
increasing glycemia
29% decrease of
mortality, 75%
decrease of renal
insuﬃciency
Decreased rate of
infections with
strict blood
glucose control

Only diabetics.
Intervention
group with
glucose levels
still O110mg/dL
Heterogeneous
medical and
surgical patient
population
Heterogeneous
medical and
surgical patient
population
High rate of
hypoglycemia
(!60 mg/dL) in
treatment
group (32%)

Abbreviations: PRCT, prospective randomized controlled trial; PNRCT, prospective, nonrandomized controlled trial; CT, cardiothoracic surgery; AMI, acute myocardial infarction.
Adapted from Coursin DB, Connery LE, Ketzler JT. Perioperative diabetic and hyperglycemic management issues. Crit Care Med 2004;32(Suppl):S116–25, with permission.

of iatrogenic hypoglycemia in unresponsive intensive care patients treated in
ICUs less well staﬀed or with less experienced staﬀ [19]. However, no other
clinical trial yet approaches van den Berghe’s level of evidence with regard
to strict randomization and size of study population, rendering direct comparisons technically unjustiﬁed.
Other endocrine changes in critical illness
The pituitary-adrenal axis in critical illness
Appropriate adaptation of the HPA axis to stress is essential for survival.
Critical illness can impair the proper stress response of the HPA axis [20].
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The terms ‘‘relative’’ or ‘‘functional’’ adrenal insuﬃciency have been proposed for hypotensive, septic critically ill patients who show hemodynamic
improvement with cortisol administration. In these patients, the cortisol
levels (despite being within the normal reference range or even elevated)
are still considered to be inadequate for the severe stress, and the patient
may be unable to respond to any additional or protracted stress [20].
An ongoing debate concerns the deﬁnition of relative adrenal insuﬃciency. Corticosteroid insuﬃciency is diﬃcult to discern clinically and must
be actively sought by the treating physician. The diurnal pattern of cortisol
secretion together with a large interindividual range of circulating cortisol
levels during severe illness and stress make it impossible to deﬁne an absolute serum cortisol threshold level that identiﬁes a patient with failure of the
HPA-axis in critical illness. A simple and widely used test is stimulation with
synthetic corticotropin (synacthen) in hypotensive critically ill patients. A
‘‘basal’’ cortisol of O34 mg/dL (935 nmol/L) combined with an increase
of cortisol !9 mg/dL (250 nmol/L) after 250 mg corticotropin stimulation
has been associated with a mortality of 80%, arguably pointing to a relative
adrenal insuﬃciency [21]. Because the 250 mg corticotropin stimulation test
induces supraphysiological corticotropin concentrations, the 1 mg synthetic
corticotropin test has been suggested to be more sensitive to diagnose adrenocortical insuﬃciency [22].
Up to 75% of patients in septic shock requiring vasopressors manifest
relative adrenal insuﬃciency. The Surviving Sepsis Campaign guidelines
for the management of severe sepsis and septic shock, published in 2004, recommend the following: ‘‘Intravenous corticosteroids (hydrocortisone 200–
300 mg/day, for 7 days in 3 or 4 divided doses or by continuous infusion)
are recommended in patients with septic shock who, despite adequate ﬂuid
replacement, require vasopressor therapy to maintain adequate blood pressure’’ [23].
One multi-center, randomized, controlled trial (RCT) with patients in
severe septic shock showed a signiﬁcant shock reversal and reduction of
mortality rate in patients with relative adrenal insuﬃciency (deﬁned as
post-corticotropin cortisol increase !9 mg/dL) [24]. Two additional smaller
RCTs showed signiﬁcant eﬀects on shock reversal [25,26]. A recent metaanalysis examined the eﬃcacy of glucocorticoids in sepsis [27] and concluded
that a 5- to 7-day course of physiologic hydrocortisone doses with subsequent tapering increases survival rate and shock reversal in patients with vasopressor-dependent septic shock.
Based on the evidence to date, clinicians treating patients with septic
shock should consider administering a dose of dexamethasone until a corticotropin stimulation test can be performed. Dexamethasone is recommended because it, unlike hydrocortisone, does not interfere with the
cortisol assay. Administration of steroids should be continued to determine
if the patient is a responder, as indicated by an increase in blood pressure,
and the results of the corticotropin stimulation test are reviewed.
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There is little deﬁnitive advice to oﬀer concerning the use of pharmacologic doses of glucocorticoids in critical illness in general, especially in patients who do not meet the criteria for relative adrenal insuﬃciency. The
alleged beneﬁts should be weighed against the potential dangers of such
therapy, such as hyperglycemia. The marked reduction of harmful hyperglycemia in critically ill patients by insulin should be a further cause for concern. In addition, the ebb and ﬂow of attitudes regarding the usefulness of
large-dose steroid treatment in patients with spinal cord injuries further
underscores the uncertainty surrounding this issue [28,29].
Thyroid hormones in critical illness
In critical illness, profound changes occur in the hypothalamic-pituitarythyroid (HPT) axis. Terms for these changes include euthyroid sick syndrome (ESS) or non-thyroid illness (NTI). Typically, a normal level of
thyrotropin and free T4 and decreased total T3 suggest a change in the
HPT axis setpoint [30]. This change is thought to represent a homeostatic
correction by which the body diminishes the eﬀects of the biologically active
hormone, T3. It remains controversial whether patients with NTI should be
treated [30]. However, the actual evidence is far from compelling, and, in the
absence of clear clinical or laboratory evidence for abnormal thyroid
function, most investigators currently advise withholding thyroid hormone
therapy for NTI in critically ill patients.
Growth hormone in critical illness
The mean concentration of growth hormone (GH) increases sharply in
most stress states, such as surgery or trauma. Non-survivors generally
have higher levels of GH than do survivors. Despite the increased GH, insulin-like growth factor-1 (IGF-1) levels are consistently low, suggesting
a GH-resistant state. Although a multitude of studies have demonstrated
that growth hormone supplementation has salutary anabolic eﬀects in
a number of diﬀerent stressful conditions, this therapy may lead to increased
mortality in critical illness [31]. In addition, the broad nontherapeutic use of
these agents in North American life, especially among athletes, has endangered its availability to many who legitimately beneﬁt from GH therapy.
The pituitary-gonadal axis in critical illness
All acute severe illnesses are capable of producing hypogonadotrophic
hypogonadism [32]. This condition is usually temporary and its pattern
mimics that of nonthyroidal illness with levels of testosterone or estrogen returning to normal approximately 6 weeks after recovery [33]. Testosterone
increases lean body mass, muscle size, strength, and bone density when
given in supraphysiological doses in healthy individuals [34]. However, apart
from the proven beneﬁt of oxandrolone to restore muscle protein
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metabolism in severely burned patients [35], little evidence supports the use
of replacement therapy or the use of anabolic steroids in hypogonadism associated with acute illness. Further work needs to be done before their supplemental use in critically ill surgical patients is justiﬁed.
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Venous thromboembolism (VTE, ie, deep vein thrombosis [DVT] or pulmonary embolism [PE]) is a common complication aﬀecting approximately
25% of all hospitalized patients. The burden of disease is signiﬁcant, with an
estimated 450,000 patients aﬀected annually in the United States [1]. The
major health risk associated with VTE is PE. PE aﬀects approximately
1% of all hospitalized patients and is thought to be responsible for at least
10% of all inpatient deaths [2–4]. It is the primary cause of preventable
deaths in hospitalized patients and has ﬁrst priority in patient-safety strategies being developed by diﬀerent governmental and nongovernmental agencies. Patients who have VTE are at signiﬁcant risk for long-term sequelae
including postthrombotic syndrome, recurrent DVT, and pulmonary hypertension [5,6].
The natural history of VTE has been well characterized. In one third of
patients, the DVT is proximal to the calf, which is associated with a higher
risk of PE. In the residual two thirds of patients who have calf DVT, 10% to
20% may extend toward the more proximal veins, particularly if the predisposing conditions persist. Clinical studies indicate a strong association between DVT and PE. As many as 50% of patients who have a proximal
DVT develop a PE, and among those who have a clinically signiﬁcant PE,
70% have evidence of DVT. Further, the long-term sequelae of DVT,
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irrespective of location, are signiﬁcant, with as many as 30% of patients developing either postthrombotic syndrome or recurrent DVT [7,8].
The rationale for VTE prophylaxis is based on multiple principles. First,
the incidence of VTE among hospitalized patients is high, and in some cases
a fatal PE might be its ﬁrst and only manifestation. Screening strategies for
VTE have signiﬁcant limitations and are not thought to be eﬀective. Most
importantly, prophylaxis has been proven to be highly eﬀective in preventing VTE and in reducing the costs associated with its diagnosis and management. Despite its beneﬁts, VTE prophylaxis remains underused. Multiple
studies have shown that appropriate prophylaxis is used in only one third
of patients who have clear identiﬁable risk factors and that in many patients
who develop PE, prophylaxis was never given. This underuse is probably
driven by an incorrect perception of a low risk of VTE, a high risk of perioperative bleeding, and no apparent beneﬁt when individual practitioners
examine their own practice experience [9–11].
This article describes an approach to identify surgical patients at high risk
for VTE and reviews options for VTE prophylaxis. Data are derived from evidence-based guidelines for thromboprophylaxis in speciﬁc clinical settings.

Risk factors for venous thromboembolism
The pathophysiology of venous thrombosis was ﬁrst described by Rudolph Virchow in 1884, who identiﬁed three main etiologic factors: venous
stasis, endothelial damage, and hypercoagulability. During the next century
a large number of clinical risk factors were identiﬁed, all of which ﬁt into
one of these three categories. Knowledge of the risk factors for VTE can
help identify high-risk patients and guide prophylactic measures. Box 1 lists
the most common risk factors associated with VTE. Although not all are
considered to have the same predictive value, it is well accepted that the interaction between multiple coexistent risk factors leads to a higher risk of
venous thrombosis [12–14].
In the general surgical practice, major surgery (deﬁned as abdominal or
thoracic operations lasting longer than 30 minutes and requiring general anesthesia) is considered to be a signiﬁcant risk factor for VTE. Studies from
the 1970s and 1980s, in which screening ﬁbrinogen uptake studies were used
to diagnose DVT, showed an incidence of DVT of 15% to 30% in surgical
patients in the absence of thromboprophylaxis. The incidence of fatal PE in
the same cohort of patients was between 0.2% and 0.9%. It is diﬃcult to
estimate the current risk of DVT/PE in surgical patients not receiving prophylaxis. It is likely that that the risk is considerably higher now than previously reported, given that surgical patients are older and have greater
degrees of comorbidity than in the past [12,15,16].
The actual risk of DVT/PE is diﬃcult to determine for any speciﬁc
patient. It is well recognized, however, that risk factors seem to have
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Box 1. Major general risk factors for venous thromboembolism
Surgery
Trauma
Immobility, paresis
Malignancy
Cancer therapy (hormonal, chemotherapy, or radiotherapy)
Previous VTE
Increasing age
Pregnancy and postpartum period
Estrogen-containing contraceptives or hormonal replacement
therapy
Selective estrogen receptor modulators
Acute medical illness
Heart or respiratory failure
Inflammatory bowel disease
Nephrotic syndrome
Myeloproliferative disease
Paroxysmal nocturnal hemoglobinuria
Obesity
Smoking
Varicose veins
Central venous catheterization
Inherited or acquired hypercoagulability

a cumulative eﬀect on the risk of VTE. Although all these factors are associated with a higher risk of VTE, they do not provide a structure for stratifying individual patients. Taking an alternative approach, Geerts [14] used
a prospective cohort design to stratify surgical patients according to the risk
of DVT/PE based on age, presence of major risk factors, and clinical setting
(related to speciﬁc surgical characteristics). This relatively simple classiﬁcation scheme has the additional advantage of tying thromboprophylaxis recommendations to risk strata. It is simple and easy to apply to patients in
everyday practice (Table 1).
General aspects of venous thromboembolism prophylaxis
Many studies have been performed to deﬁne the optimal method of thromboprophylaxis in surgical patients. Endpoints or outcomes measured vary
across studies; however, the current recommendations are directed toward
minimizing the risk of symptomatic DVT/PE, asymptomatic proximal
DVT, and fatal PE [14,17]. Several diagnostic modalities have been used to
identify DVT in these clinical studies including venography, ﬁbrinogen uptake
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Table 1
Stratiﬁcation of surgical patients according to VTE risk without thromboprophylaxis
Calf DVT
(%)

Proximal
DVT (%)

Clinical
PE (%)

Fatal
PE (%)

Age ! 40 years, no risk factor,
minor surgery
Presence of only 1 of the
following:
Age 40–60 years
Major surgerya
Risk factor present

2

0.4

0.2

! 0.01

10–20

2–4

1–2

0.1–0.4

High risk

Age O 60 years
Age O 40 years þ major
surgery þ risk factor present

20–40

4–8

2–4

0.4–1.0

Highest
risk

Age O 40 years þ major
surgery and:
Previous VTE or Cancer or
Hypercoagulable condition
Major trauma
Spinal cord injury
Hip/knee arthroplasty
Hip surgery

40–80

10–20

4–10

0.2–5

Category

Deﬁnition

Low risk
Moderate
risk

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous
thrombolism.
a
Major surgery involves a thoracic or abdominal procedure associated with general anesthesia lasting longer than 30 minutes.
Data from Geerts WH, Pineo GF, Heit JA, et al. Prevention of venous thromboembolism:
the seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest
2004;126(3 Suppl):341S.

tests, and Doppler ultrasonography. Although Doppler ultrasonography has
been shown to have limitations in identifying DVT in asymptomatic patients,
it is currently the standard diagnostic tool because of its availability, reproducibility, and noninvasive nature. Most of the more recent studies comparing
VTE prophylaxis regimens are based on ﬁndings identiﬁed using this
modality.
Mechanisms of prophylaxis
VTE prophylaxis can be accomplished using either mechanical or pharmacologic approaches. Mechanical options include graduated compression
stockings, intermittent pneumatic compression, and venous foot pumps.
Pharmacologic options include antiplatelet agents (aspirin, dextran),
low-dose unfractionated heparin (LDUH), low molecular weight heparin
(LMWH), vitamin K antagonists (warfarin), and synthetic pentasaccharide
factor Xa inhibitor (fondaparinux).
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Mechanical methods prevent venous stagnation in the lower extremities.
The main beneﬁt of these methods is the absence of bleeding complications.
In general, there are relatively few studies evaluating the role of these mechanical methods in general surgical patients. Graduated compression
stockings and intermittent pneumatic compression have shown to decrease
the risk of DVT, although neither of these methods has been shown to decrease the risk of PE or death [14,18]. From a practical standpoint, compliance with these devices is relatively low, suggesting that their eﬀectiveness
outside clinical trials is probably lower than reported [19–21]. Mechanical
prophylaxis should be used when the risk of bleeding precludes the use of
pharmacologic prophylaxis or in conjunction with such prophylaxis in the
patients at highest risk [22].
Antiplatelet agents act by inhibiting the platelet–related steps in clot formation. Aspirin has been the most studied, although many of the clinical
trials have signiﬁcant methodologic limitations. It has no greater eﬀectiveness than other methods of pharmacologic prophylaxis (LDUH or LMWH)
and has a higher bleeding risk. As such, it is not recommended for routine
perioperative prophylaxis [16].
Vitamin K antagonists as well as synthetic pentasaccharides have not
been well studied in general surgical patients. They have, however, been recommended for prophylaxis of VTE in patients undergoing high-risk orthopedic procedures, in which several randomized, controlled trials have
demonstrated their safety and eﬀectiveness [16].
LDUH and LMWH are antithrombotic agents extensively used for VTE
prophylaxis in patients undergoing major general surgical procedures. Both
have been well studied in diﬀerent surgical settings and are the mainstay of
thromboprophylaxis in this patient population. With both, there is fairly
strong evidence of their eﬀectiveness as prophylactic agents and considerable data on the risk of bleeding complications. LMWH has the additional
advantage of a lower incidence of heparin-induced thrombocytopenia and
once-daily dosing [14–17].
Low-dose unfractionated heparin/low molecular weight heparin and
neuraxial anesthesia/analgesia
In 1997 the United States Food and Drug Administration released a public health advisory reporting 41 cases of patients who developed perispinal
hematoma after receiving LMWH for VTE prophylaxis [23]. Since then additional cases have been reported with the use of both LMWH and LDUH,
although the incidence seems to be lower with LDUH. Unfortunately the
actual risk of this complication is not well documented, and although speciﬁc predictors are not well deﬁned, in most cases additional risk factors
are present (bleeding abnormalities, abnormal anatomy, traumatic tap,
continuous epidural catheter, and use of other anticoagulant/antiplatelet
medications). Based on the data available, the American Association of
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Regional Anesthesia has developed recommendations to minimize the risk
of this catastrophic complication in patients receiving anticoagulant prophylaxis with LDUH/LMWH [24]:
1. Avoid neuraxial anesthesia/analgesia in patients who have bleeding
disorders.
2. Avoid neuraxial anesthesia/analgesia in patients who have drug-related
preoperative impairment of hemostasis.
3. Delay catheter insertion/spinal needle for 8 to 12 hours after a subcutaneous dose of heparin or a twice-daily dose of LMWH.
4. Delay catheter insertion/spinal needle for 18 hours after a once-a-day injection of LMWH.
5. Delay anticoagulant prophylaxis if a hemorrhagic aspirate (‘‘bloody
tap’’) is seen during initial insertion.
6. Remove epidural catheter when the anticoagulant eﬀect is at a minimum
(ie, just before next scheduled dose).
7. Delay anticoagulant prophylaxis at least 2 hours after catheter is
removed.
In general, the use of spinal/epidural anesthesia/analgesia does not preclude the use of adequate thromboprophylaxis as long as appropriate caution is taken. It is recommended that every hospital that uses neuraxial
anesthesia/analgesia develop speciﬁc protocols to delineate speciﬁc details
of its management when combined with pharmacologic thromboprophylaxis and that protocols for close and careful monitoring be put in place
to help with the early identiﬁcation and treatment of complications related
to perispinal hematoma [14,24].

Risk and preventive measures in speciﬁc clinical settings
Through an extensive review of the literature and expert consensus, the
American College of Chest Physicians has provided evidence-based guidelines pertaining to the prevention of VTE in a variety of clinical settings
[14]. Much of the data given here is a concise description of the rationale
and ﬁnal recommendations. Additionally, this article highlights speciﬁc
situations in which the deviation from these recommendations seems to be
appropriate. Standardized recommendations for thromboprophylaxis in
general surgical patients stratiﬁed by their risk of VTE are summarized in
Table 2.
General surgery
Many randomized, controlled trials have been performed to evaluate the
role of LDUH in VTE prophylaxis in surgical patients. A meta-analysis of
46 randomized, controlled trials in which LDUH was compared with either
no prophylaxis or placebo provides clear evidence of the eﬃcacy of LDUH.
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Table 2
Guidelines for prophylaxis of venous thromboembolism in surgical patients according to risk
category
Category

Deﬁnition

Prevention Strategy

Low risk
Age ! 40 years, no RF, minor surgery Aggressive and early mobilization
Moderate risk Presence of only one of the following: LDUH every 12 h or LMWH or
GCS/IPC (if bleeding risk)
Age 40–60 years
Major surgery
RF present
High risk

Age O 60 years
Age O 40 þ major surgery þ
RF present

LDUH every 8 h or LMWH or IPC
(if bleeding risk)

Highest risk

Age O 40 years þ major surgery and:
Previous VTE or Cancer or
Hypercoagulable condition
Major trauma
Spinal cord injury
Hip/knee arthroplasty
Hip surgery

LMWH (trauma, spinal cord
injury)
LDUH every 8 h þ GCS/IPC
or LMWH þ GCS/IPC
Consider extended prophylaxis for
cancer or spinal cord injury

Abbreviations: GCS, graduated compression stockings; IPC, intermittent pneumatic compression; LDUH, low-dose unfractionated heparin; LMWH, low molecular weight heparin;
VTE, venous thromboembolism.
Data from Geerts WH, Pineo GF, Heit JA, et al. Prevention of venous thromboembolism:
the seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest 2004;
126(3 Suppl):341S.

The use of LDUH decreased the rate of DVT from 22% to 9%, the rate of
symptomatic PE from 2% to 1.3, the rate of fatal PE from 0.8% to 0.3%,
and all-cause mortality from 4.2% to 3.2%. In this analysis, the rate of perioperative bleeding increased from 3.8% to 5.9% with the use of LDUH [25].
Another meta-analysis corroborated these ﬁndings and demonstrated an increase in the risk of wound hematomas (4.1% versus 6.3%) in patients receiving LDUH. There was, however, no increased risk of major bleeding
[26]. In general, for the majority of these studies, LDUH was administered
1 to 2 hours preoperatively followed by 5000 units subcutaneously two or
three times per day. It is thought that thrice-daily dosing is associated
with a better prophylactic eﬀect without an increased risk of bleeding, although these two regimens have never been directly compared.
Many randomized, controlled trials and meta-analyses have been done
comparing LDUH and LMWH for VTE prophylaxis. Pooled results show
that LMWH is as eﬀective as LDUH in reducing symptomatic VTE
(O 60%–70% reduction rate) [27–29]. Some reports have shown a further
decrease in asymptomatic VTE with LMWH as compared with LDUH, although the clinical implications of these results are not clear [30–32]. Much
of the variability in eﬀectiveness across trials can be explained by diﬀerences
in patients and in the VTE prophylaxis regimen. Speciﬁcally, there is
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considerable variability in the precise LMWH agent selected and in the dosing regimen used. In general, rates of perioperative bleeding seem to be similar whether LDUH or LMWH is used. LMWH in excess of 3400 U/d might
be associated with higher rates of bleeding, however [28,33]. The eﬀect on
overall mortality from prophylaxis with LDUH/LMWH is well documented
[34–36]. In randomized, controlled trials, LMWH oﬀers no additional advantage over LDUH in terms of overall mortality or fatal PE [37], although
studies evaluating selected high-risk surgical patients have shown a beneﬁt
of LMWH over LDUH, as discussed later.
Most published data on VTE prophylaxis are derived from studies comparing LDUH and LMWH. There are limited data on other methods of
pharmacologic prophylaxis. In one large, randomized, controlled trial, fondaparinux (a factor Xa inhibitor) was equivalent to LMWH in reducing the
risk of VTE [38].
Graduated compression stockings have some documented eﬃcacy, reducing the risk of DVT by approximately 52%, but there are few data documenting a reduction in the risk of either proximal DVT or symptomatic PE.
Graduated compression stockings might provide added beneﬁt when combined with LDUH in high-risk patients, with a 75% reduction in the risk
of DVT when compared with LDUH alone. Similar results have been documented with the use of intermittent pneumatic compression. Both graduated
compression stockings and intermittent pneumatic compression might oﬀer
some beneﬁt in high-risk patients when used as adjunct to pharmacologic
prophylaxis or in patients at very high risk of perioperative bleeding [22,39].
Extended prophylaxis beyond discharge has been evaluated in selected
groups of patients undergoing major general surgery. The rationale for
this approach is based on observational studies in which new DVT were detected in up to 25% of patients within 4 weeks of discharge [40]. Extended
prophylaxis seems to have a role in patients undergoing major oncologic
surgery, as discussed later [41,42].
Laparoscopy
The increasing use of laparoscopic procedures has raised new questions
about the value of VTE prophylaxis in this setting. It is thought that both
the pneumoperitoneum and the prolonged reverse Trendelenburg positioning are associated with an increased risk of DVT. Many studies of varying
methodologic quality have been published with somewhat inconsistent
results.
In general, the rates of VTE seem to be lower in patients undergoing laparoscopic procedures. The rate of DVT was only 0.3% in a series of 2384
patients undergoing laparoscopic gastrointestinal surgery who had received
a short course of LMWH postoperatively [43]. Another study of more than
153,000 patients undergoing laparoscopic cholecystectomy in which a variety
of prophylactic measures were used demonstrated rates of DVT, PE, and
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fatal PE of 0.03%, 0.06%, and 0.02%, respectively [44]. A recent population
based analysis of more than 100,000 patients undergoing laparoscopic cholecystectomy revealed a postoperative (3-month) risk of VTE of 0.2% compared with 0.5% for open cholecystectomy [45]. Two recent, randomized,
controlled trials evaluating the role of thromboprophylaxis in patients undergoing laparoscopic procedures showed no diﬀerence in VTE rate between
placebo and LMWH or between graduated compression stockings and
graduated compression stockings plus LMWH [46,47].
Despite a seemingly lower incidence of VTE in patients undergoing uncomplicated laparoscopic procedures, the Society of American Gastrointestinal Endoscopic Surgeons has recommended the use of thromboprophylaxis
for laparoscopic procedures following the same guidelines as for equivalent
open operations [48]. The European Association for Endoscopic Surgery
has also recommended the routine use of intermittent pneumatic compression for all prolonged laparoscopic operations [49]. Clearly, additional
data are required to provide directed recommendations for VTE prophylaxis
in patients undergoing laparoscopic procedures.
Malignancy
Patients who have malignancy have a sixfold increased risk of VTE, and
it is estimated that the incidence of VTE in the cancer population is 1 in 200
patients [50,51]. The actual risk seems to be related to the type of malignancy. Patients who have brain tumors and adenocarcinoma of the ovaries, pancreas, stomach, colon, lung, prostate, and kidney have a higher risk
of VTE than those who have other malignancies. In patients undergoing major oncologic surgery, the risk of DVT is at least twice that of patients who do
not have cancer, and the risk of fatal PE at least three times greater [45,52]. It
is estimated that the incidence of VTE in general surgery patients undergoing
cancer surgery is close to 30%. Some of the mechanisms involved with increased risk of VTE in this population include hypercoagulability, cancer
as a surrogate for other risk factors (eg, age and comorbidities), hemostatic
and hemodynamic abnormalities, and other cancer therapies (hormones, chemotherapy) [16,53].
A lack of response to certain prophylactic regimens has been reported in
patients who have malignancy [14]. As a result, the choice of regimen is critically important in these patients. LDUH has proven eﬀective in preventing
VTE (DVT and fatal PE) in patients undergoing major oncologic surgery
[26,34], and prophylaxis with LMWH is at least as eﬀective as LDUH
[33,54,55]. The dose of prophylaxis is particularly important. In a study of
patients who had gynecologic cancer undergoing surgery, LDUH given
three times per day was more eﬃcacious than a dose given two times per
day [56]; hence it is recommended that LDUH be administered three times
per day. Similarly a study evaluating the eﬀect of LMWH (dalteparin) at
doses of 5000 U versus 2500 U proved that the former was more eﬃcacious
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[57]. LMWH is recommended in a dose exceeding 3400 U per day in surgical
patients who have cancer.
Extended prophylaxis in patients who have cancer also decreases the
incidence of VTE in the postoperative period. An autopsy study showed
that in patients undergoing surgery for cancer, death caused by PE occurred
in 54.5% of patients. In more than 40% of the cases, the PE occurred after
the second postoperative week, highlighting the late occurrence of VTE in
many patients who have cancer. Two randomized, controlled trials have
shown a reduction in the risk of DVT of approximately 60% in patients receiving LMWH for 3 or 4 additional weeks [41,42]. The ENOXACAN II
study compared two groups of patients undergoing abdominal/pelvic surgery for malignancy. One group received 1 week of thromboprophylaxis
with LMWH (enoxaparin) followed by 3 weeks of placebo, and the second
group received 4 weeks of LMWH (enoxaparin). The rate of VTE was
13.8% in the placebo group versus 5.5% in the enoxaparin group (P ¼
.01) at 3-month follow up. No increased complications were seen in this
group of patients [42]. Although cost-eﬀectiveness analyses have not yet
been performed, extended prophylaxis in surgical patients who have cancer
should be considered as a component of the strategy to prevent VTE.
LMWH should be the drug of choice, given the available data and the
ease of administration (once per day).
Colorectal surgery
A few studies have recently focused on VTE in patients undergoing colorectal surgery. These patients are thought to have a higher risk of VTE, given
the pelvic dissection and intraoperative positioning, with a risk of DVT as
high as 40%. In general, results of studies of prophylaxis have yielded the
same results as for general surgery patients, with LMWH and LDUH having
equivalent eﬃcacy in reducing VTE and a similar complication rate. Prophylactic strategies in these patients should follow standard guidelines for general surgery patients. Given the perceived higher risk of VTE in this group
of patients, combination of LDUH/LMWH with mechanical measures is
reasonable [55,58,59].
Trauma
Patients who have sustained major trauma have a high risk of developing
VTE. VTE is the third leading cause of death in those who survive the ﬁrst
day of admission [60,61]. A prospective study evaluated the risk of DVT
(using venography) in 443 polytrauma patients not receiving thromboprophylaxis. The incidence of DVT was 58%, with one third of these cases occurring above the calf (proximal DVT) [61]. Another study evaluated the
risk of DVT in trauma patients receiving a standard prophylactic regimen
and demonstrated an incidence of DVT and proximal DVT of 27% and
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7%, respectively (assessed by Doppler ultrasonography) [62]. Independent
predictors of VTE in trauma patients have been identiﬁed and include spinal
cord injury, lower extremity or pelvic fractures, surgery, advanced age, femoral venous line, prolonged immobility, and prolonged length of stay [14].
The use of LDUH has been studied extensively in trauma patients. A
recent meta-analysis showed LDUH had no beneﬁt in preventing VTE in
high-risk patients as compared with placebo [63]. A large, randomized, controlled trial comparing LDUH and LMWH in major trauma patients who
did not have overt bleeding or intracranial injuries showed that LMWH
use was associated with a lower risk of DVT and proximal DVT. Bleeding
complications were similar with the two treatments and aﬀected less than
2% of patients [64]. Subsequent cost-eﬀectiveness analyses conﬁrm the
beneﬁt of LMWH and argue for this approach as the standard of care in injured patients [65,66]. Patients at increased risk of bleeding who have contraindications to pharmacologic prophylaxis should receive some form of
mechanical prophylaxis, preferably intermittent pneumatic compression. If
appropriate pharmacologic prophylaxis is not possible, duplex ultrasonographic screening should be performed. Routine prophylactic inferior vena
caval ﬁlters are not recommended and should be placed only when there is
some objective evidence of a DVT. In general, mechanical prophylaxis is inadequate as the sole means of prophylaxis in this patient population [14].
Spinal cord injury
Patients who have spinal cord injury have the highest risk of developing
VTE. The incidence of proximal DVT and PE are 15% and 5%, respectively
[16]. As in trauma patients, LMWH has proven to be a more eﬀective preventive measure than LDUH or mechanical strategies. Patients who have
spinal cord injury should receive LMWH as soon as bleeding is controlled;
if treatment with LMWH is not possible, mechanical measures should be instituted. If mechanical measures are not possible, screening with duplex ultrasonography to identify patients who have DVT should be pursued, with
placement of an inferior vena caval ﬁlter once objective data conﬁrm the
presence of a DVT. Given their continued risk for VTE, these patients
should receive extended prophylaxis with LMWH or warfarin [13–16].
Burns
Burn patients have multiple associated conditions that put them at risk
for VTE. These risk factors include hypercoagulability, immobility, concomitant trauma, and femoral venous lines. Retrospective series have reported an incidence of DVT in ranging from 6% to 27% in burn patients.
Although no speciﬁc trials on thromboprophylaxis have been published, it
seems reasonable to administer standard pharmacologic prophylaxis
(LDUH/LMWH) in burn patients who have associated risk factors [14].
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Summary
Surgical patients have a high risk of developing VTE, but prophylaxis is not
used appropriately in more than half of all patients undergoing major operative procedures. Identiﬁcation of risk factors for VTE and their potential interactions allows accurate stratiﬁcation and helps match patients to the
appropriate prophylaxis strategy. Certain conditions such as cancer, trauma,
and spinal cord injury are associated with the highest risk of VTE, and PE constitutes a signiﬁcant cause of death in these patients. Familiarity with and implementation of the recommended preventive strategies decreases morbidity,
mortality, and costs. Clear beneﬁt from VTE prophylaxis has been well established in a variety of clinical settings, and its practice should be the standard of
care in the practice of surgery.
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This article addresses the management of postoperative bleeding. The problem is called postoperative bleeding rather than postoperative hemorrhage to
emphasize the fact that perfect postoperative hemostasis rather than acceptable postoperative blood loss is the ideal. Postoperative bleeding is a risk of
all surgical procedures. The best way to reduce the risk of hemorrhage is to
identify and correct potential causes of coagulopathy preoperatively as well
as postoperatively.
In the presence of bright red bleeding from any site, if the prothrombin
time (PT), activated partial thromboplastin time (aPTT), platelet count,
and temperature are normal, urgent re-exploration is indicated unless other
factors dictate a more thorough diagnostic workup. In the presence of lifethreatening hemorrhage, control of bleeding takes priority. The hematologic
workup is pursued in parallel.
Throughout this article, a distinction is made between technical causes of
bleeding and coagulopathy, or disorders of hemostasis [1]. The term ‘‘technical causes of bleeding’’ refers to four broad categories of postoperative
blood loss:
1. Inadequate repair of vessels or vascular structures that are knowingly
opened or divided, whether purposefully or accidentally
2. Occult or undiagnosed and therefore unrepaired injury to the vascular
system
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of presentation for purposes of flow and to make the material more pertinent to the perioperative setting and to this publication.
E-mail address: tdagi@post.harvard.edu
0039-6109/05/$ - see front matter Ó 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.suc.2005.10.013
surgical.theclinics.com

1192

DAGI

3. Injury or damage during the course of surgery to organs or structures
within the operative ﬁeld, whether recognized at the time or not
4. Injury or damage during the course of surgery or in the immediate postoperative period to organs or structures remote from the surgical site
Except in the most general sense, this article does not cover the management of intraoperative or postoperative hemorrhage arising from technical
causes, the management of anticoagulation in the perioperative period,
the management of trauma, the management of transfusion, or the treatment of shock.
Few surgeons have the expertise in hematology or the time to manage the
medical aspects of coagulopathy without consultation. This article provides
the surgeon with a basis on which to engage, rather than to replace, the medical specialist. Early consultation may be prudent and useful.
Preoperative screening strategies
Routine preoperative screening
In terms of surgical complications, ‘‘an ounce of prevention is worth
a pound of cure,’’ and preoperative screening has evolved with the thought
of preventing intra- and postoperative problems. What constitutes a reasonable stratagem for preoperative screening for hemostasis? The guidelines of
the Joint Commission on Accreditation of Health care Organizations mandate a preoperative evaluation to assess a patient’s readiness and risk for
surgical intervention but leave the details up to each individual organization
[2]. As increasingly sophisticated screening tests have entered the market,
their cost and their aggregate eﬀectiveness and utility for routine use have
come into question. Unlike their quantiﬁable value in elucidating the cause
of demonstrated coagulopathy, their screening value, as measured in terms
of (1) preventing postoperative bleeding and (2) the costs of sorting out abnormalities of questionable signiﬁcance, remains in question [3,4].
The signiﬁcance of abnormal test results
Test results may be reported on a continuum (ie, a set of values between
0 and inﬁnity, as in a patient’s weight), on an ordinal scale with a small number of discrete and discontinuous values (ie, 1 þ, 2 þ, and so forth, as with
dipstick examination of proteinuria), or categorically (eg. as normal or abnormal). Tests that report results on a continuum must provide cutoﬀ points
for abnormally high or low values. The intervening values, classically
obtained by calculating the mean and allowing 2 standard deviation on either side, typically represent the range of results in 95% of a reference population. As a result, 5% of any population comparable to the reference
population would be expected to have an abnormal result on any given
test, and this probability increases when multiple tests are ordered. In
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a patient who has no disease, there is a 64% likelihood of an abnormality
being found on a chemistry panel of 20 tests [4].
Nevertheless, for medico-legal reasons, to detect unsuspected and potentially correctable abnormalities that increase surgical risk, to establish
a baseline value for laboratory values that might change postoperatively
or need to be monitored because of perioperative medications (eg, anticoagulants), or because of the importance of diagnosing related conditions
(such as carotid stenosis in the face of symptomatic coronary artery disease),
routine preoperative screening is standard of care.
It has been noted that clinicians ignore between 30% and 60% of abnormalities elicited on routine screening [4–6]. Ignoring abnormalities without
comment increases the risk of suit. Unless the chart contains good documentation reﬂecting the reasons for setting aside an abnormal screening result,
the physician is at risk for a plaintiﬀ’s verdict in the event of legal action following a surgical complication or adverse result [4].
The term ‘‘screening’’ is properly reserved for patients who do not have
signs and symptoms of underlying abnormality and who are free of any
known conditions that increase the likelihood of abnormal results. Screening tests are useful when they
1.
2.
3.
4.
5.
6.
7.

Cost little
Are consistent
Carry negligible risk
Demonstrate high sensitivity and selectivity
Oﬀer high positive and negative predictive value
Accurately foreshadow surgical morbidity
Are appropriate to the population at hand (eg, there is questionable
value to skin testing for tuberculosis in a population known to have
been vaccinated with Bacille Calmette-Guérin [BCG])
8. Uncover common conditions contributing to surgical morbidity and for
which eﬀective intervention is available [4]

Thus, to be eﬃcient and eﬀective, screening stratagems must be useful and
pertinent. The literature cautions that estimates of unsuspected abnormalities in healthy populations are probably exaggerated and that routine preoperative screening is of limited measurable value unless abnormal results are
suspected, or abnormal results have been obtained previously [4,7,8].
Nevertheless, the risks accompanying surgical intervention, both to the
patient and to the surgeon, justify judicious screening to detect and correct
pertinent underlying abnormalities.
History and physical examination
Patients who do not have a personal or family history of bleeding diﬃculties or abnormal bleeding associated with dental extractions, previous surgery, routine childhood and adolescent trauma, or childbirth are unlikely
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to suﬀer from familial or congenital coagulopathy. Patients taking no
medications and without history of bleeding disorders are also at very low
risk. Many patients, however, do not recognize that over-the countermedicationsdnonsteroidal anti-inﬂammatory drugs most notablyddo
count as medications and can interfere with normal coagulation. The history
must speciﬁcally address the casual use of over-the-counter drugs as well as
the routine and prescribed use of any medications.
The absence of bruising or other signs of bleeding on routine physical examination helps conﬁrm that the patient is at low risk for surgical bleeding.
This ﬁnding should be clearly listed in the physical examination.
Abnormalities in routine screening and their signiﬁcance
The following statistics refer to only the results of tests performed for
screening purposes in the context described previously.
Complete blood cell count
The overall incidence of hemoglobin abnormalities in a combined review
of 9363 patients was 1.8%, but anemia occurs in 4% to 9% of patients 70
years of age and older (n ¼ 526) and predicts the need for transfusion in
patients at risk for blood loss [4,9–11]. The prevalence of an elevated white
blood cell count in a combined review of 5359 patients was less than 1%
and was unrelated to perioperative morbidity [4,11,12]. The prevalence of
platelet abnormalities in a combined review of 8670 patients was calculated
to be 0.9% [4,12]. The abnormality in the preponderance of cases was
thrombocytopenia, but management was changed in only 0.02% of
cases [4].
Coagulation
The yield for abnormal PT in a combined review of 3786 patients was
0.3%, but in no case was management inﬂuenced [4]. Evidence suggests
that the PT alone is a poor screening test and neither predicts nor excludes
clinically relevant perioperative bleeding abnormalities [10]. The yield for
abnormalities in PTT was 6.5% in a combined review of 2955 patients [4].
These ﬁgures are summarized in Table 1.
Bleeding time
The use of bleeding time for screening is controversial [13]. On the one
hand, there is good evidence to suggest the actual times are variable and depend on technique. It has been asserted that bleeding time oﬀers no screening advantage in normal reference populations, and therefore it has no role
to play [4,13,14].
On the other hand, bleeding time is a good way to detect abnormalities of
platelet function. Disruption of platelet function is increasingly common in
the aging population because of the regular use of aspirin (ASA) for primary
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Table 1
Prevalence of hematological abnormalities in preoperative screening
Test

Number of Patients

Prevalence of Abnormality (%)

Hemoglobin
Leukocytes
Platelets
Prothrombin time
Partial thromboplastin time

9363
5359
8670
4786
2955

1.8%
0.7%
0.9%
0.3%
6.5%

and secondary prophylaxis in ischemic heart disease and cerebrovascular occlusive disease, the occasional and often unreported use of ASA for pain and
inﬂammation, and the use of ticlopidine hydrochloride or clopidogrel bisulfate for platelet inhibition in cerebrovascular disease (where ASA has failed)
or for stenting in coronary artery disease (clopidogrel and ASA in combination) [14]. Bleeding times normalize after these drugs have been discontinued, but the time required for normalization cannot be predicted with
certainty [14].
Eptiﬁbatide, abciximab, and tiroﬁban hydrochloride block the integrin
aIIbb3 receptor on the platelet membrane. Blocking this receptor paralyzes
the platelet and prevents activation. Platelets fail to aggregate normally,
and their endothelial attachments do not withstand high shear forces. Abciximab has additional eﬀects as well [15].
Bleeding time typically returns to normal 6 hours after the discontinuation of eptiﬁbatide but more than 24 hours after the discontinuation of
abciximab.
Abciximab is also associated with thrombocytopenia, generally within
the ﬁrst 24 hours of use. Platelet counts drop below 100,000 in 6% of patients and below 50,000 in 1.5% [15]. The prevalence of thrombocytopenia
is lower with tiroﬁban and apparently is nonexistent with eptiﬁbatide [14].
Thrombocytopenia has also been associated with the use of clopidogrel [16].
Statistics for the prevalence of abnormalities of bleeding time in screening
of a reference population are not available, perhaps because bleeding times
are not routinely measured. Even so, the measurement of bleeding time is
indicated in patients treated with platelet-inhibiting agents, irrespective of
symptomatology or ﬁndings, and in patients who are likely to self-medicate
with ASA, wittingly or not. (Many patients and some physicians are unaware that ASA may be found in combination with antihistamines and decongestants in cold and headache remedies, and, in some parts of the
United States, packaged as a powder or as a branded pill without ASA in
its name.)
Abnormalities of bleeding time do represent a coagulopathy and must be
respected as such. They should not be ignored. In some cases it is easier to
wait until platelet function returns to normal. In other cases, platelet transfusions are in order. Plasma exchange may be indicated for drug-induced
thrombocytopenia purpura [16].

1196

DAGI

Surgery in higher-risk populations
Sometimes it is necessary to proceed with surgery urgently despite the
likelihood of defective hemostasis and intra- or postoperative bleeding. In
these cases, preoperative screening has three purposes: to identify defects
in hemostasis that can be corrected preoperatively, to guide the management
of hemostatic defects that cannot be corrected in the time remaining before
surgery, and to help manage the bleeding that cannot be prevented.
A perspective on risk management and beneﬁts of screening
Increasing emphasis on cost containment in medicine has resulted in attempts to distinguish ‘‘essential’’ from ‘‘nonessential’’ measures in patient
care. This trend has been balanced, at least in part, by concerns for patient
safety and fears of medical liability actions. Even the terms used create difﬁculty: where does ‘‘advisable’’ or ‘‘prudent’’ ﬁt in the spectrum of ‘‘nonessential to essential’’? The literature on preoperative screening reports
a low prevalence of abnormal ﬁndings in study populations and an even
lower likelihood that management would be altered by any single discovered
abnormality. In populations at diﬀerent and usually greater risk, such as patients treated with low-dose ASA after transient ischemic attack, the prevalence of abnormality will be greater if the appropriate test is performed.
Bleeding time may not be indicated as a screening test in the population
at large, but bleeding time may be very useful to screen for coagulopathy
in patients whose platelet function is inhibited for therapeutic purposes
or in patients likely to self-medicate unwittingly with platelet-inhibiting
preparations.
What is the real signiﬁcance of these observations? Given the large number of surgical procedures performed every day, a 0.01 prevalence of abnormality leading to even a 0.00001 likelihood of alteration in management
aﬀects a large aggregate number of patients and surgeons in the aggregate.
The aggregate risk of surgical bleeding in a particular population is derived
by combining the risk of bleeding in the study population with an estimate
of the risk of technical causes of bleeding associated with the procedure. It is
reasonable to attempt to identify situations in which both the populationbased risk of bleeding and the technical risk are exceptionally low and to
raise the threshold for screening accordingly. One thoroughly studied example is cataract surgery in patients who have absolutely no known or discoverable risk factors for bleeding, for whom routine screening really does seem
to convey no measurable beneﬁt [17].
In the broader perspective of cost-beneﬁt analysis, it is prudent to think
not only in terms of the technical risk of surgery but also of the consequences of bleeding. Because of the speciﬁc problems associated with intracranial pressure and vasospasm following intracranial hemorrhage, for
example, the cost–beneﬁt analysis of screening in intracranial surgery may
shift in comparison to other operations with similar technical risk.
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A classiﬁcation of surgical risk that factors anticipated blood loss into the
risk of surgery can serve as a useful guide. A good example is the Johns
Hopkins Risk Classiﬁcation System [3]. It can be used either alone or in
combination with other classiﬁcation systems. The Hopkins system associates category I (minimally invasive) with little or no blood loss, category
II (minimally to moderately invasive) with blood loss less than 500 mL, category III (moderately to signiﬁcantly invasive) with a blood loss potential of
500 to 1500 mL, and categories IV and V (both considered highly invasive)
with blood loss in excess of 1500 mL [3].
Every classiﬁcation system has inherent limits. Risk analysis is useful for
predicting the events in a set (a deﬁned population) but not the behavior of
a statistic (a single member of the set) in the abstract. Thus, there is no way
to know exactly what will transpire with a particular patient because there is
no perfect way to combine the pertinent risks into a perfect prediction for an
individual case.
For this reason alone, it is often appropriate to move beyond routine
screening protocols when there is concern about factors that might jeopardize patient safety, even in category I or category II patients. In the face of
such concerns, it may be advisable to move from screening protocols to diagnostic protocols such as those reviewed here and used to rule out technical
causes of bleeding.
Diagnostic protocols
Overview
The ﬁrst step in diagnosis is recognizing that the patient is bleeding. This
recognition is neither as obvious nor as easy as it might seem.
Vital signs may remain remarkably stable, especially in the young, until
shock ensues. Normal blood pressure may be preserved despite the loss of
1.5 to 2 L, or 40% of total blood volume. Falling hematocrits and hemoglobin levels are often dismissed as artifacts of dilution. Drains placed intraoperatively and intended to monitor and drain blood from a closed cavity
may become blocked, kinked, or malpositioned, thereby providing a false
sense of security. Finally, the bleeding may be remote from the site of surgery or it may accumulate in an undrained compartment.
The results of physical examination should be integrated with all other
data sources. Tachycardia, diminished cardiac output, dropping central venous pressure, reductions in urine output, and abnormal capillary reﬁll pattern are all suggestive of bleeding, as are ﬂank bruises and swelling of the
extremities with discoloration. The search for an occult technical cause of
bleeding should continue, regularly and repeatedly, until the patient is stable
and bleeding has stopped.
Technical causes of bleeding and coagulopathy may coexist and often do.
It may be diﬃcult to address the technical cause before stabilizing the coagulopathy. On the other hand, massive transfusion of blood products may
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induce or worsen coagulopathy. Both lines of managementdcontrol of
technical causes of bleeding and reversal of coagulopathydshould be pursued simultaneously. The precise details of intervention and timing are often
a matter of judgment and cannot be reduced eﬀectively to protocol.
Intracranial bleeding may lead to neurogenic shock or neurogenic pulmonary edema, but the volume of hemorrhage does not per se reduce circulating blood volume enough to lead to shock except in infants, and even then
very rarely.
The search for technical sources of hemorrhage includes repeated physical examination and appropriate imaging techniques (CT, MRI, MR angiography, ultrasound). Sometimes angiography is indicated. Angiography
should be seen as an opportunity for endovascular repair, if possible and
appropriate.
Screening protocols versus diagnostic protocols
The approach to preoperative screening diﬀers from the approach to the
diagnosis of coagulopathy. In the preoperative situation, the patient can be
assumed to have normal hemostatic function unless history or ﬁndings dictate otherwise. In the setting of postoperative hemorrhage (and following
the exclusion of technical causes of bleeding), the patient is assumed to
have a coagulopathy. For preoperative purposes, normal test results up to
4 months old are generally deemed reliable if the patient is clinically unchanged [4,8]. In the postoperative setting, test results can change quickly,
and serial studies may be required.
The diagnosis of coagulopathy is directed at assessing the function of the
factors, cells, and other elements that contribute to normal coagulation.
Technical causes of bleeding and coagulopathy may occur simultaneously
or sequentially. Until the bleeding has come under control, until it has
been shown not to recur, and until the patient is stable, neither the exclusion
of one nor the conﬁrmation of the other suﬃces.
Assessment of coagulopathy
The six initial steps in assessing coagulopathy are to
1.
2.
3.
4.
5.
6.

Perform complete blood cell count and coagulation studies
Check for and correct hypothermia
Review the history
Review medications
Obtain additional studies if indicated
Check serially for new or ongoing sources of bleed loss

One of the most cogent algorithms has been published by Owings and
Gosselin in ACS Surgery [1]. The discussion that follows draws liberally
on their work.
Complete blood cell count and coagulation studies. Blood is drawn and sent
in two tubes, one containing ethylenediaminetetraacetic acid [EDTA] for
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a complete blood cell count, and the other citrated for coagulation analysis.
The tubes must be carefully labeled for identiﬁcation. It is easy for samples
to be confused or mislabeled in the press of resuscitation. The samples
should be sent stat.
It is the responsibility of the treating physician to follow up on the studies
and make sure both the studies and their results are documented in the chart.
Hypothermia. A body temperature below 35 C (95 F) may inhibit clotting
mechanisms. In pure hypothermic coagulopathy, coagulation mechanisms
normalize when normal temperature is restored. Hypothermia may contribute to or be the sole source of coagulopathy. Hypothermic patients are actively rewarmed.
Diﬀerential diagnosis of coagulopathy. Most coagulopathies can be diagnosed, or at least separated into categories reﬂecting the most likely mechanism or mechanisms of coagulopathy, on the basis of the international
normalized ratio (INR), the aPTT, platelet count, platelet function, and
family history. Sometimes, the diagnosis cannot be further reﬁned without
assays for speciﬁc factors. The number of platelets in circulation and platelet
function are independent variables. Bleeding time is the traditional test used
to assess platelet function. Its limitations have been noted. Although a number of far more sophisticated tests have been introduced recently, the problem of adequate assessment of platelet dysfunction is beyond the scope of
this article.
A summary of diﬀerential diagnosis is given in Table 2.
A discussion of the INR is given in Appendix 1.
The management of postoperative bleeding
Overview
In the presence of bright red bleeding from any site, if the PT, aPTT,
platelet count, and temperature are normal, urgent re-exploration is indicated
unless other factors dictate a more thorough diagnostic workup. In the
presence of life-threatening arterial hemorrhage, control of bleeding takes
priority. The hematologic workup is pursued in parallel.
The most basic principles of management are
1. Diagnose and treat shock and any other potentially life-threatening
conditions
2. Rule out technical sources of bleeding
3. Restore clotting parameters to normal by means of medications, transfusion of blood products or clotting factors, restoration of normothermia,
diagnosis and treatment of sepsis, or control of other precipitating or
contributing factors (eg, retained products of conception, as discussed
later)
4. Monitor for stability of clotting parameters

Table 2
Diﬀerential diagnosis of postoperative coagulopathies
Symptom

INR

aPTT

Platelet
Number

Platelet
Functiona

Family or
Personal History

Persisting
ooze,
low-volume
bleeding

Normal

Normal

Normal

Impaired

Negative

Impaired platelet
function

Persisting
ooze,
low-volume
bleeding
Persisting
ooze,
low-volume
bleeding

Normal

Normal

Low

Normal

Negative

Thrombocytopenia

Normal

Normal

Normal

Normal

Negative

Minor or
major
bleeding

Normal

Prolonged

Normal

Normal

Negative

Minor or
major
bleeding
Major or
minor
bleeding,
oozing

Normal

Prolonged
slightly

Normal

Abnormal

Negative

Normal

Normal

Normal

Normal

Positive for
hemophilia

Diagnosis

Drug-induced
coagulopathy, most
likely unfractionated
heparin in the US

Diﬀerential Diagnosis

Spontaneous bleeding
with thrombocytopenia
!50,000 is rare (some
authorities cite
20,000 [1], but
postoperative
needs may be higher

Consider factor XIII
deﬁciency,
hypoﬁbrinogenemia,
dyﬁbrinogenemia,
altered ﬁbrinolysis
Eﬀects of direct thrombin
inhibitors such as
hirulog and lepirudin
von Willebrand’s disease

Hemophilia

Comments

Hemophilia A: factor
VIII deﬁciency.
Hemophilia B: factor
IX deﬁciency.
Hemophilia C: factor
XI deﬁciency.

Conﬁrm by testing
for circulating von
Willebrand’s factor levels
Rarely encountered
without prior family
or personal history.
Speciﬁc factor analysis
is indicated.

Major or
minor
bleeding

Increased

Normal

Normal

n/a

Major
bleeding

Prolonged

Prolonged

Normal

Normal

Hepatitis, liver
disease,
ETOH, oral
anticoagulation

Factor deﬁciency,
vitamin K
deﬁciency,
warfarin eﬀect

Multiple factor
deﬁciencies

Undiagnosed liver
disease, malabsorption,
malnutrition, warfarin
eﬀect or superwarfarin
(rat poison) toxicity,
antibiotic eﬀect
DIC, hemodilution,
uremia and nephrotic
syndrome
Isolated, rare factor
deﬁciencies of the
common pathway
include factors X, V,
and prothrombin
Autoimmune conditions
resulting
in acquired factor V
deﬁciencies
Factor X deﬁciency
associated with
amyloidosis
Acquired
hypoprothrombinemia
associated in lupus
Warfarin overdose
Rodenticide toxicity
Animal venoms

Reversal of
anticoagulation with
vitamin K accurately
reﬂected in INR

D-dimer level assay helps
the diagnosis of DIC.
If level ! 1000 ng/mL,
DIC unlikely; level
O 2000 ng/mL without
confounding explanation,
DIC highly likely

Abbreviations: aPTT, activated partial thromboplastin time; DIC, diﬀuse intravascular coagulation; INR, international normalized ratio; ETOH, alcohol ingestion.
Note: platelet count and platelet function are independent variables. The bleeding time has been used traditionally to assess platelet function. Its drawbacks have
been noted. Bleeding time may yield normal results in up to 50% of patients with congenital thrombocytopathies. See standard texts for description of newer tests for platelet
function [1].
a
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5. Correct as needed
6. Monitor for new or ongoing sources of bleeding or blood loss
7. Monitor for treatable complications associated with new or ongoing
sources of bleeding or blood loss (eg, intracranial hemorrhage)
Generally accepted criteria for transfusion are published widely and are
not reviewed here. Table 3 provides a summary of current recommendations
for replacement transfusion in acute blood loss [18].
Technical causes
The following discussion draws liberally from McKenna [14].
Postoperative bleeding can result from one cause or many, and the causes
may be related or linked or not. By default, the surgeon must ﬁrst consider
a surgically remediable technical cause of bleeding. Technical causes are
least likely to respond to nonsurgical intervention.
Principles of surgical hemostasis are reviewed in all standard general surgical and specialty textbooks and are not revisited here, except to note that
the use of certain materials and techniques in surgery may cause coagulopathy in unexpected ways. For example, high levels of suction have been associated with diﬀuse intravascular coagulation (DIC) after surgery for
scoliosis when a cell-saver has been deployed. The development of antibovine antibodies after the use of topical bovine thrombin in neurosurgery
has been associated with coagulopathy [14].
Nontechnical causes
Hypothermia
The eﬀects of hypothermia have already been noted. Hypothermia may
be the sole cause of coagulopathy or may contribute to coagulopathy
Table 3
Transfusion Guidelines in Acute Blood Loss
Criterion

Signiﬁcance

Ischemia

High risk of occurrence, impending and/or increased risk to patient
because of underlying medical issues: transfusion usually indicated
O 30% rapid blood loss: transfusion may be indicated (! 30% rapid
blood loss in previously healthy patient: usually well tolerated)
! 6 g/dL: transfusion generally required. 6–10 g/dL: dictated by clinical
circumstances. O 6 g/dL: transfusion rarely required
Tachycardia and hypotension refractory to volume expansion with
hemoglobin concentration in 6–10 g/dL range and extent of blood loss
unknown: transfusion usually required
O2 extraction ratio O 50% with VO2 decrease: transfusion usually
required

Degree of
blood loss
Hemoglobin
concentration
Vital signs

O2 extraction
ratio

From Simon TL, Alverson DC, AuBuchon J, et al. Practice parameters for the use of red
blood cell transfusions: developed by the Red Blood Cell Administration Practice Guideline
Development Task Force of the College of American Pathologists. Arch Pathol Lab Med
1998;122:130–8; with permission.
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from other root causes. Laboratories warm samples to 37 C. In pure hypothermic coagulopathy, normal coagulation parameters will be documented.
If the patient exhibits normal coagulation parameters and is normothermic, attention should revert to the diagnosis of occult technical causes of
bleeding [1].
In instances of induced hypothermia for therapeutic purposes, a thorough
risk–beneﬁt analysis comparing the risks of coagulopathy with the risks of
normothermia should be conducted.

Drugs
Aspirin. ASA is the most common platelet-inhibiting drug. The eﬀect is
dose related and aﬀects bleeding times. ASA eﬀects may last up to 10
days and cannot be completely reversed directly, unlike those of other nonsteroidal anti-inﬂammatory drugs such as ibuprofen [1]. The eﬀects are
potentiated when ASA is given in conjunction with other platelet-function
inhibitors or to patients who have other causes of coagulopathy, such as
type I von Willebrand’s disease or hepatic or renal dysfunction. The bleeding time may become very prolonged. The ﬁrst line of treatment is platelet
transfusion. Desmopressin acetate may be helpful, particularly in patients
who have renal failure [19]. Desmopressin acetate may cause water retention, hyponatremia, and, more rarely, arterial thrombotic complications.
Platelet inhibitors. The eﬀects of ticlopidine, clopidogrel, eptiﬁbatide, abciximab and tiroﬁban have been noted. Prolonged bleeding time may be reversed
with platelet transfusions, which are indicated speciﬁcally when an accompanying thrombocytopenia ensues after the use of abciximab or tiroﬁban.
Anticoagulants. Unfractionated heparin (UFH) is commonly administered in
large doses to provide systemic anticoagulation in the management of venous
thrombosis, hypercoagulability, arterial dissection, and arterial embolic
states such as transient ischemic attack or stroke-in-evolution. UFH prolongs
the aPTT. In low, prophylactic doses, heparin is used to prevent deep venous
thrombosis or for catheter ﬂushing. Even low doses of UFH may cause clinically signiﬁcant anticoagulation in the setting of hepatic or renal dysfunction.
When the consequences of bleeding or hematoma are not critical, it may
be possible to manage UFH-mediated anticoagulation by modifying the
dose of UFH. When the consequences are critical (eg, intracranial surgery),
the eﬀects must be reversed. The eﬀects of UFH last 24 to 72 hours after administration. If more urgent reversal is required, prolonged aPTT may be reversed by protamine sulfate infusion.
Rapid reversal, however, may precipitate unwanted thrombosis. Protamine administration may also lead to allergic reactions and anaphylaxis,
and in excess, protamine may actually prolong the aPTT. Sensitivity to protamine may be related to sensitization to insulin [1].
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The aPTT may be artifactually prolonged when blood is drawn from
a heparin-ﬂushed catheter. Conﬁrmation may be obtained by comparison
with an aPTT drawn by venipuncture.
UFH administration may also induce the formation of heparin platelet
antibodies and result in heparin-induced thrombocytopenia (HIT), or,
even more rarely and paradoxically, in a life-threatening heparin-induced
thrombocytopenia thrombosis syndrome (HITTS). These syndromes develop in approximately 1% to 5% of patients within 3 to 5 days of starting
treatment with heparin, and approximately 30% to 40% of patients who
have HIT progress to HITTS. The mortality and morbidity associated
with HITTS reaches 40% to 55% [20]. The heparin–platelet antibody interactions may explain only one part of HIT. It is a complex phenomenon that
remains to be elucidated fully [14].
The importance of HIT and HITTS derives in part from the prevalence of
heparin administration. These conditions also exemplify a complex coagulopathy with both hemorrhagic and thrombotic features. The diagnosis may
elude the surgeon unless speciﬁcally pursued.
The diagnosis of HIT is made on the basis of a 50% drop in baseline platelet count or thrombocytopenia below 100,000. A 30% drop serves as an indication to assay heparin-platelet antibodies using a combination of the three
tests currently available: 14C-serotonin release assay which measures the
presence of functionally active heparin-platelet antibody; the platelet factor
4 ELISA, a more sensitive but less speciﬁc for identifying heparin-platelet
antibodies; the platelet aggregation assay, which helps conﬁrm the diagnosis
when abnormal. Other methods to identify heparin-platelet antibodies are in
development.
Low molecular weight heparins (LMWH) such as enoxaparin sodium,
tinzaparin sodium, and dalteparin sodium have greater than a 90% crossreactivity with heparin–platelet antibodies and must not be used as substitutes, even when the immediate threat of postoperative bleeding has past.
A full discussion of the management of HIT and HITTS goes beyond the
purview of this article, but, very broadly, the recommendation is to treat
with warfarin supplemented by recombinant hirudin or argatroban until
the dose is stabilized and satisfactory anticoagulation achieved.
The anticoagulant eﬀects of LMWHs are best assayed by an anti-factor
Xa assay. Levels exceeding 1.3 to 2.0 IU/mL may be deemed abnormally
high. The aPTT does not eﬀectively measure the anticoagulant eﬀect of
LMWHs. A normal aPTT may still be associated with a bleeding diathesis
[14]. In contrast to the eﬀectiveness of protamine administration in reversing
anticoagulation with UFH, protamine does not reliably reverse the anticoagulant eﬀect after LMWH administration.
Fresh-frozen plasma (FFP) contains antithrombin. Antithrombin is potentiated by both UFH and LMWHs. FFP will not correct the anticoagulant eﬀect of either UFH or LMWH and may, in fact, worsen the
problem.
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FFP may be used to correct aPTT prolongations caused by direct thrombin inhibitors such as hirulog and lepirudin, with one important caveat. Circulating, unbound inhibitor binds the prothrombin in the FFP. For this
reason, the eﬀective dose is diminished. The amount of FFP needed to normalize aPTT will be greater than might otherwise be estimated to correct
a simple factor deﬁciency, for example [1].
Chronic illness, malignancy, malnutrition, or treatment with broad-spectrum antibiotics may result in the rapid onset of vitamin K deﬁciency
through reduction in the vitamin K–dependent coagulation factors VII,
IX, X, and II. Vitamin K deﬁciency prolongs both the PT and the aPTT.
This problem is prevented by the routine administration of vitamin K weekly
or biweekly to vulnerable patients.
Warfarin sodium has an eﬀect that parallels to vitamin K deﬁciency. Prolongation of PT is used to monitor adequacy of treatment. An INR of 1.5 or
less generally allows satisfactory hemostasis during and after surgery, except
for intracranial procedures and other critical situations in which any increased risk is problematic.
PT prolongations are corrected by the oral administration of vitamin K
in doses of 1 to 5 mg. Sometimes multiple doses must be given over time [14]
because of warfarin’s long half-life (about 40 hours), during which the reversal wears oﬀ. Complicating factors in warfarin use include malabsorption,
hepatic disease, and the simultaneous administration of other anticoagulants.
Principles in the management of the patient who has increased INR are
as follows [1]:
1. For prolonged INR less than 5.0 without bleeding, hold the next dose
2. For INR between 5.0 and 9.0 without signiﬁcant bleeding either
a. Withhold next 1 or 2 doses if clinically reasonable or
b. Withhold next dose and administer vitamin K, 1.0 to 2 mg orally
3. For INR between 5.0 and 9.0 when rapid normalization is required, administer vitamin K, 2.0 to 4.0 mg, for reduction of INR within 24 hours
4. For INR above 9.0
a. Without signiﬁcant bleeding, administer vitamin K, 3.0 to 5.0 mg
b. With serious bleeding, administer vitamin K, 10 mg intravenously,
and FFP; monitor INR at 12-hour intervals because additional
vitamin K supplementation may be required
c. With life-threatening hemorrhage, consider prothrombin complexes in addition to measures in (b)
5. For INR above 20.0
a. Whether or not serious bleeding is present, administer vitamin K,
10 mg intravenously, and FFP to reduce INR to therapeutic levels;
monitor INR at 12-hour intervals because additional vitamin K
supplementation may be required
b. With life-threatening hemorrhage, consider administration of prothrombin complexes in addition to measures in (a)
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Thrombolytic agents. Acute vascular thrombosis in the perioperative setting
may be treated with thrombolytic agents such as streptokinase or urokinase
that act as plasminogen activators, or with tissue plasminogen activators
such as Alteplase, recombinant and Reteplase. Free plasmin degrades
both pathologic and physiologic ﬁbrin clots of recent origin, as well as lysing
ﬁbrinogen and factors V and VIII. These drugs generate large amounts of
plasmin [21]. Plasmin has other eﬀects on hemostasis as well, the sum total
of which is described broadly as ‘‘chaotic’’ [14].
The eﬀects of these thrombolytic agents are reversed with anti-ﬁbrinolytics
such as e-aminocaproic acid and tranexamic acid, or by aprotinin, a protease
inhibitor. FFP increases levels of factor V and of a2-antiplasmin, a physiologic plasmin inhibitor. Cryoprecipitate increases ﬁbrinogen and factor VIII
levels and is indicated for use in the presence of active bleeding, reduction
of thrombin-clottable ﬁbrinogen below 70 mg/dL, of factor V below 35%,
and of factor VIII below 30%. Conversely, assessments of these factors help
sort out the diagnosis.

Diﬀuse intravascular coagulation
DIC is a complex condition with both thrombotic and hemorrhagic features. It may occur whenever the coagulation system is activated and the
level of thrombin increases. Thrombin promotes coagulation, also activates
anticoagulant pathways and modulates ﬁbrinolysis. The severity of the coagulopathy depends on ﬁbrinogen levels and reﬂects the balance between
ﬁbrinogen production and physiological antithrombotic mechanisms.
The imbalance between thrombosis and ﬁbrinolysis creates a complex
hemostatic disorder with both thrombotic and thrombolytic features. The
thrombolytic features are responsible for bleeding diatheses.
In mild forms of DIC, microthrombi are formed in the vascular system
and are cleared. The condition may remain subclinical. In moderate forms,
microthrombi occlude the circulation and may be associated with acute respiratory distress syndrome or hepatorenal failure. The severe form more
familiar to surgeons occurs when massive ﬁbrinolysis intervenes to clear
the thrombi. Bleeding follows at sites of endothelial damage when the clots
are lysed. Tissue factor release induces factor VII activation with heightened
coagulation. Additional microthrombi form. The cycle continues and eventually depletes or consumes the store of coagulation factors. Hence, DIC is
categorized as a consumption coagulopathy [1].
Acute DIC results from an overwhelming and sudden clotting stimulus,
such as a massive crush injury, or from a more moderate clotting stimulus
accompanied by shock, as in sepsis or abruptio placentae. A slower,
chronic, low-level DIC may occur in other circumstances such as fetal
death with retained products of conception, cancer, or large aortic aneurysm [1,14,20].
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The mechanisms by which septic shock induces DIC are well described in
standard textbooks and are not repeated here.
DIC may result from acute hepatic insult, such as shock liver, massive
hypotension-induced hepatic necrosis, massive hepatic trauma, acute massive hepatitis, or transplantation. It may also result from events in the
setting of chronic liver failure ranging from sepsis to peritoneovenous
shunt placement. Hepatic disease induces coagulopathy through reduction
and abnormality of coagulation factors, prolonged circulating plasmin
levels, reduced ﬁbrinolysis, disordered platelet function, and sometimes
through an associated thrombocytopenia.
DIC in the obstetric population is associated with abruptio placentae,
amniotic ﬂuid embolism, septic abortion, and, less commonly, with second-trimester saline-induced abortions. The low-grade DIC associated
with retained products of conception may not manifest until 4 to 5 weeks
after death of the fetus.
Malignancies, particularly slower-growing adenocarcinomas, are associated with a low-grade and chronic DIC. Chemotherapy, radiotherapy,
and other modalities that induce tumor necrosis may accelerate the process.
This problem may become more common as tumor angiogenesis inhibitors
come to market.
A coagulopathy with mixed thrombotic/hemorrhagic features may result
in bleeding from acute promyelocytic leukemia. It is accompanied by hypoﬁbrinogenemia, increased ﬁbrin degradation, and thrombocytopenia, possibly ascribable to platelet consumption. Blood products to correct the
coagulopathy should be given before surgical intervention.
In trauma, DIC is common, particularly in the settings of head injury,
multiple fractures with fat embolism, extensive soft tissue damage, and
burns over large areas. Potential comorbidities that should be anticipated
include shock, hypothermia, acidosis, sepsis, adult respiratory distress syndrome, adrenal failure, massive occult hemorrhage, and sepsis.
DIC has been reported after volume expansion with hydroxyethyl starch
(hetastarch). The likelihood of bleeding correlates with age, duration of
treatment, and dose (O5 mL/kg). The likelihood increases in the presence
of renal failure and other underlying hemostatic defects [14,22,23].
DIC is associated with the administration of speciﬁc blood products under particular circumstances. These include the rapid transfusion of prothrombin complex concentrates to correct coagulopathy in patients who
have liver disease, after warfarin administration, or after the administration
of factor VII to correct deﬁciencies. The problem has been avoided by the
addition of small concentrations of heparin to the mixture and slower
administration. DIC has also been associated with recombinant factor VII
administration. A dose–response eﬀect has been reported [14].
Finally, the chronic low-grade DIC associated with vascular malformations and slowly expanding aortic aneurysms can transform into an acute
DIC.
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Principles of management in acute diﬀuse intravascular coagulation
The following principles guide the management of acute DIC [14]:
1. Diagnosis and treatment of the underlying precipitating factors responsible for the clotting stimulus (may require débridement and amputation
of devitalized tissue, drainage of abscesses, or other, similar measures)
2. Cryoprecipitate infusion when ﬁbrinogen levels are below 70 mg/dL and
factor VIII-C is below 40%
3. FFP plasma when factor V levels are below 40%
4. Platelet transfusion to raise platelet count above 50,000 or 100,000, depending on the underlying clinical situation and the type of surgery performed (eg, above 100,000 after intracranial surgery)
5. Low doses of heparin if thrombin activation persists
6. Continuing to work toward normalization of the INR, replacement of
blood volume, and restoration of hematocrit
In chronic DIC associated with malignancy, patients generally respond to
low levels of heparin while undergoing chemotherapy.
In patients who have liver disease, FFP provides replacement of coagulation factors. If volume becomes a problem, diuresis or even plasmapharesis
may be indicated. In the face of demonstrated excessive ﬁbrinolysis without
DIC, ﬁbrinolysis inhibitors are recommended.
In patients undergoing repair of abdominal aneurysm, factor replacement
usually suﬃces, although other stratagems are used as well [14].
After trauma, the emphasis is on volume replacement, treatment of sepsis, and blood product replacement as called for by assessment of clinical
status and circulating coagulation factors.

Renal dysfunction and uremia
Renal failure induces platelet dysfunction. Some antibiotics and anti-inﬂammatory agents exacerbate this situation. The simplest diagnostic clinical
assay is the bleeding time, which should be reserved, however, for patients
who have adequate platelet counts (O60,000).
For prolonged bleeding times in the presence of abnormal bleeding, the
treatment options include [14]
1. Desmopressin acetate at 0.3 mg/kg given intravenously over 20 to 30
minutes (second or third doses may be given, but tachyphylaxis is to
be expected if the interval between doses is less than 3 to 5 days)
2. Transfusion of fresh platelets after dialysis
3. Conjugated estrogens at 0.6 mg/kg intravenously each day for 5 days
(eﬀect lasts about 2 weeks)
4. Correction of anemia (hematocrit O 26%) with erythropoietin
The use of cryoprecipitate is controversial [14].
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Uterine bleeding
Excessive uterine bleeding has been reported after minor surgical interventions, such as the placement of an intrauterine device or cone biopsy
of the cervix, and after other uterine surgery in which no reason for hemorrhage could be found. Uterine bleeding of this nature has been ascribed to
localized hyperﬁbrinolysis and to high uterine plasminogen activator activity. It has been linked statistically to the secretory phase of the menstrual
cycle and to menstrual bleeding at the time of surgery.
The bleeding responds readily to antiﬁbrinolytic agents including intravenous or oral e-aminocaproic acid [14].
Postprostatectomy hemorrhage
Urinary urokinase that seeps into the surgical bed after prostatectomy
may lead to increased local plasmin production and an anticoagulant eﬀect
attributable to local hyperﬁbrinolysis. The mechanism is similar to that ascribed to unanticipated uterine bleeding.
Antiﬁbrinolytic agents successfully reduce bleeding in this setting as well.
Bleeding responds to the administration of intravenous or oral e-aminocaproic acid [14].
Posttransfusion coagulopathy
Coagulopathy may follow after the rapid replacement of two thirds of the
body’s blood volume. This level of transfusion is generally required only after massive trauma, although it may be called for in the course of vascular
and oncologic surgery.
The roots of this problem lie in the changes that occur when whole blood
is stored. After several days, the concentration of two thermolabile coagulation factors, V and VIII-C, is reduced by 15% to 50%. After 2 or 3 days,
platelet function is lost.
Once transfused, platelets that do not function well are rapidly removed
from circulation. As a result, bleeding time may be prolonged irrespective of
the platelet count. A consumptive coagulopathy ensues frequently resulting
in thrombocytopenia.
The scenario often includes massive tissue injury, hypotension, acidosis,
hypoxia, some level of hepatorenal dysfunction, and hypothermia, all of
which contribute to hemostatic defects and may result in DIC. McKenna
[14], however, asserts that overtly decompensated DIC is uncommon in
this setting [1].
Whole blood has the advantage of availability and volume. For the reasons outlined previously, however, transfusion with components of whole
blood is theoretically preferable to whole blood transfusion. One protocol
recommends transfusing one unit of FFP for every three to four units of
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RBC when patients are expected to lose more than one unit of blood volume
rapidly [14]. Platelet concentrates are used to correct bleeding time and treat
thrombocytopenia.
The details of and controversies surrounding resuscitation theory are beyond the scope of this article, but the principle of choosing blood components over whole blood when possible and of anticipating a multifactorial
coagulopathy in the setting of massive transfusion is broadly accepted [1].
Treatment should involve replacement of diluted factors by FFP, cryoprecipitate, calcium, and platelets. Replacement is continued until coagulation parameters normalize. Bleeding from non-technical causes should then cease.
Posttransfusion purpura syndrome
Posttransfusion purpura syndrome refers to the sudden onset of severe
thrombocytopenia 7 to 10 days after transfusion of RBC, FFP, or platelets.
The thrombocytopenia is accompanied by sudden and dramatic hemorrhage.
Mortality from intracranial hemorrhage is high. The diﬀerential diagnosis includes sepsis and drug-induced thrombocytopenia. The population at greatest risk seems to be multiparous women. Sensitization is generally attributed
to pregnancy or, less commonly, to previous transfusions of blood products.
The syndrome is a form of transfusion reaction. It occurs when the human platelet antigen (HPA-1a) antigen in blood products elicits an antiHPA-1a antibody in the 2.5% of whites and 0.5% of African Americans
who lack the antigen. The precise mechanisms that lead to platelet destruction are not understood.
The management of posttransfusion purpura syndrome involves urgent
platelet transfusion after the documentation of posttransfusion purpura
syndrome antibodies in a serum sample. This treatment may seem counterintuitive, but the intention is to deplete the store of available anti-HPA1a platelet antibodies through the destruction of newly supplied HPA1a-positive platelets while simultaneously depending on the non-antigenic
platelets and on platelet fragments to assist in hemostasis and control the
bleeding.
Plasmapharesis scrubs the antibodies in 80% of the cases, and intravenous IgG blocks further antigen–antibody reactions. Steroids may be useful
in nonspeciﬁc indications such as vascular support and treatment of overall
stress [14].
Hemophilia
Hemophilia rarely enters the diﬀerential diagnosis in the absence of a personal or family history of bleeding. There are three common forms. Type A
involves a deﬁciency of factor VIII, type B involves a deﬁciency of factor IX,
and type C involves a deﬁciency of factor XI.
The diagnosis is made through speciﬁc factor analysis. Treatment involves replacement of the factor or factors that are deﬁcient. After extensive
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transfusions, hemophiliac patients may develop antibodies to blood products or to bioengineered factors of recombinant origin, such as recombinant
activated factor VII.
There are approximately 20 approved products on the market providing
some combination of factor VIII replacement, factor IX replacement, or
von Willebrand’s factor replacement. Approximately 20% are recombinant,
5% are porcine derived, and the rest are plasma derived. Each of the six
products supplying von Willebrand’s factor also provides factor VIII replacement. Most surgeons will want to seek consultation to oversee the
treatment of congenital or familial blood dyscrasias and provide longterm follow-up.

Summary
The risks and complications associated with postoperative bleeding can
be substantially reduced through measures such as adequate preoperative
assessment; the identiﬁcation and correction of deﬁciencies in circulating
clotting factors, in platelet number and function, in hematocrit and blood
volume, and body temperature; and the treatment of infection. It is important to optimize the condition of the patient before surgery.
A risk–beneﬁt calculus is always at play. If surgery can be delayed until
all pertinent problems are identiﬁed and addressed, so much the better. If
not, the patient’s risk may be reduced by choosing a less invasive or less radical procedure, by appropriate preoperative consultations, by staging the
operation, by judicious choice of anesthetic technique, by operating on an
inpatient rather than an outpatient basis, and by arranging in advance for
adequate postoperative monitoring and the appropriate intensity of care.
This article has addressed the prevention and management of postoperative hemorrhage. For reasons of focus and space, it has not addressed two
important and related subjects: the management of chronic anticoagulation
and the problem of prophylaxis for deep vein thrombosis in the perioperative period. Whenever possible, the patient should go to surgery with normal coagulation parameters. The decision to proceed despite abnormal
coagulation parameters (within therapeutic range or not) is equivalent to
deciding either that the risk of intraoperative and postoperative hemorrhage
is of lesser consequence to the patient’s overall welfare than a delay, or that
no marginal beneﬁt will accrue from normalizing coagulation. This decision
may well be in the patient’s best interests. The consent obtained for surgery
ought to reﬂect in detail the thinking and discussion that surrounded the
decision.
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Appendix 1
Prothrombin time and international normalized ratio
The traditional method of determining the eﬃcacy of anticoagulation
therapy is the prothrombin time (PT). A blood sample is collected in
a tube containing citrated sodium. After centrifugation, a speciﬁc volume
of thromboplastin reagent is added. The interval until a ﬁbrin clot forms,
measured in seconds, is reported as the PT. The thromboplastin reagent
can be either an extract of mammalian tissue (lungs heart or brain of animals) rich in tissue factor or a recombinant proportion of human tissue factor in combination with phospholipids. The sensitivity of individual
thromboplastin reagents is variable. Higher sensitivity results in prolonged
PT. Sensitivity is also aﬀected by shelf life.
The international normalized ratio (INR) corrects for potential variability by calibrating results against a standardized measure of the sensitivity of
the thromboplastin reagents used. It has become a standard for monitoring
oral anticoagulant therapy and serves the same purpose as the PT. The prothrombin time ratio relates the observed PT (in seconds) to each laboratory’s calculated mean normal PT (in seconds).
Target anticoagulation ranges are commonly expressed in terms of INRs:
while a range of 2.0 to 3.0 is recommended for most indications, a range of
2.5 to 3.5 is recommended for patients at higher risk (eg, those with mechanical prosthetic heart valves). The INR alone is insuﬃcient to assess
coagulopathy.
Hirsh and Poller [24] provide a fuller discussion.
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Anemia refers to red blood cell (RBC) mass, amount of hemoglobin (Hb),
or volume of RBCs less than normal, determined either as an hematocrit or
Hb concentration more than 2 standard deviation below the normal mean
for age in children or below the lower limit of normal values in adults.
The World Health Organization chose 12.5 g/dL as the normative value
for both adult men and women. In the United States, limits of 13.5 g/dL
for men and 12.5 g/dL for women are more realistic. Using these values, approximately 4% of men and 8% of women in the United States have anemia.
Perioperative anemia is a common occurrence and is associated with increased need for blood transfusion in the perioperative period. Perioperative anemia has also been linked to increased morbidity and mortality in
surgical patients [1]. Some studies suggest that higher Hb concentrations
are associated with better early functional recovery [2]. Anemia may impede a patient’s ability to recover fully and participate in postoperative rehabilitation [3].
Pre- and postoperative anemia and the resultant increased need for blood
transfusion are independent risk factors for postoperative infection, longer
hospital stay, and death in noncardiac surgical patients. In the United
States, 55% of RBC transfusions (6.6 million units annually) are administered to elective surgical patients.
Treatment of perioperative anemia has been shown to decrease the need
for RBC transfusion and improve patient outcome. A rational approach,
therefore, is to establish the diagnosis of anemia early enough preoperatively
to be able to proceed with a diagnostic workup and initiation of appropriate
treatment.
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Prevalence and epidemiology
One third to one half of surgical patients may be anemic preoperatively
because of the conditions for which they require surgery (ie, cancer, gastrointestinal bleeding) or underlying medical conditions associated with
anemia. Perioperative anemia prevalence varies because of three factors:
(1) diﬀerences in deﬁnition of anemia, (2) diﬀerences in surgical procedures and associated blood loss, and (3) diﬀerences in patients and
comorbidities.
A large study examining the incidence of perioperative anemia used prospective data from the National Surgical Quality Improvement Program, an
ongoing observational study based at Veterans Aﬀairs Medical Centers, and
included 6301 noncardiac surgical patients [4]. Anemia (deﬁned as an hematocrit less than 36%) was present preoperatively in 39% of the patients.
During the perioperative period the subgroup that had preoperative anemia
required ﬁve times more blood than nonanemic patients. This study also
documented that transfusion of more than four units of blood increased
the risk of death by a factor of 2.84 and increased the risk of perioperative
infection by a factor of 9.28 by logistic regression analysis.
Anemia was present postoperatively in 84.1% of patients. The incidence
of postoperative infection increased from 2.6% to 5% with increasing degrees of anemia, and 92% of all infections occurred in patients who had anemia. Postoperative anemia, intraoperative transfusion, and transfusion of
more than four units of blood were also signiﬁcant predictors of increased
length of hospital stay (P ! .001).
Multiple logistic regression analysis documented that low preoperative
hematocrit, low postoperative hematocrit, and increased blood transfusion
rates were associated with increased mortality (P ! .01), increased postoperative pneumonia (P % .05), and increased length of hospital stay
(P ! .05). The mean age of patients in this study was 61 years. Anemia is
more prevalent with increasing age.
Anemia is common in patients who have cancer and is associated with reduced survival. The incidence of preoperative anemia (deﬁned as a Hb level
! 12.0 g/dL) was assessed in 1688 patients who underwent curative resection for gastric cancer. Preoperative anemia was present in 39.9% of the patients. The 10-year overall survival rate in anemic patients was 48.2%, versus
62.6% in nonanemic patients (P ! .001). Multivariate analysis conﬁrmed
that anemia was an independent prognostic predictor in patients who had
stage I and stage II disease (P ¼ .007; relative risk, 1.466; 95% CI, 1.109–
1.937) [5].
The high incidence of preoperative anemia (46.1%) in patients who have
colorectal cancer (n ¼ 311) was identiﬁed in a single-institution cohort study
[6]. Preoperative anemia was most common in patients who had right colon
cancer (incidence 57.6%), followed by left colon cancer (42.2%) and rectal
cancer (29.8%). Patients who had right colon cancer had signiﬁcantly lower
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preoperative hematocrits than patients who had left colon cancer (33 G
8.5 versus 36 G 7.4; P ! .01) or rectal cancer (33 G 8.5 versus 38 G 6.0;
P ! .0001). Age was not a signiﬁcant risk factor for preoperative anemia in
colorectal cancer.
To understand the prevalence of anemia in surgical patients (with a primary focus on preoperative anemia) and the impact that pre-existing anemia
has on transfusion rates as well as on clinical and functional outcomes, a systematic review was performed of articles published between January 1966
and February 2003 [7]. The estimates of anemia prevalence in the literature
ranged widely, from 5% in geriatric women who had hip fracture to 75.8%
in patients who had Duke’s stage D colon cancer. Diagnosis of anemia was
most strongly associated with an increased risk of receiving an allogeneic
blood transfusion.
Preoperative anemia and outcome
Preoperative Hb levels were inversely related to operative mortality in
surgical patients. A preoperative Hb concentration of less than 8 g/dL
was associated with a 16.2-fold increased mortality rate compared with patients who did not have anemia preoperatively [8]. Preoperative anemia has
also been associated with a decreased overall survival in patients who have
lung cancer [9].
Previous studies have also documented that patients who have preoperative anemia and cardiovascular disease have a higher mortality rate than patients who have preoperative anemia alone (Fig. 1) [10]. Blood transfusion is
commonly used for the treatment of anemia in the perioperative period, and
blood transfusion is also an independent risk factor for adverse outcome in
surgery. It has been diﬃcult to separate anemia and blood transfusion as independent risk factors in these clinical studies.
The impact of preoperative anemia and blood transfusion on survival in
patients who have resected non–small cell lung cancer (n ¼ 439) was recently

Fig. 1. The association between preoperative anemia, cardiovascular disease, and mortality in
surgical patients. CVD, cardiovascular disease. (From Carson JL, Duﬀ A, Poses RM, et al. Effect of anaemia and cardiovascular disease on surgical mortality and morbidity. Lancet
1996;348(9034):1057; with permission.)
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examined. Survival was lower in patients who had Hb concentrations equal to
or less than 10 g/dL than in those who had Hb concentrations higher than
10 g/dL (P ¼ .012) and survival was lower in the transfused population
(P ¼ .046). At multivariate analysis, independent prognostic indicators
included patient age, pathologic stage, and preoperative Hb concentration.
This study suggests that anemia could represent an important prognostic factor in resected lung cancer, and correction of anemia before surgical intervention may be an eﬀective strategy for improving outcome [11].
Anemia is common in patients who have cancer; a recent systematic literature search (1966–2003) identiﬁed the prevalence of anemia in speciﬁc
cancers and assessed the impact of anemia on survival and quality of life
[12]. Anemia prevalence varied widely; most studies found that between
30% and 90% of patients who had cancer had anemia. Prevalence was
aﬀected strongly by the deﬁnition of anemia: 7% of patients who had Hodgkin disease had anemia when the condition was deﬁned as a Hb concentration lower than 9 g/dL; as many as 86% of patients had anemia when it was
deﬁned as a Hb concentration lower than 11 g/dL. Prevalence varied by cancer type and disease stage: 40% of patients who had early-stage colon tumors and nearly 80% of patients who had advanced disease had anemia.
Patients who had anemia had poorer survival and local tumor control
than did their nonanemic counterparts in 15 of 18 studies. In 8 of 12 studies,
patients who did not have anemia (most treated with epoetin) needed fewer
transfusions. Quality of life was positively correlated with Hb concentration
in 15 of 16 studies. There was no signiﬁcant diﬀerence in treatment toxicity
between patients who did and did not have anemia. Tumor hypoxia, which
has been associated with resistance to radiation therapy and chemotherapy,
may stimulate angiogenesis, leading to poor local control of tumors and increased morbidity and mortality. Treatment of anemia may have a signiﬁcant eﬀect on patient survival and quality of life. Given these ﬁndings,
consideration should be given to establishing preoperative protocols for
early diagnosis and correction of anemia in all patients who have cancer
and who are scheduled for surgical intervention.
Pathophysiology
Perioperative anemia has many potential causes (Box 1), including chronic
blood loss (hemorrhoids, gastrointestinal tumors, peptic ulcer disease, bleeding disorders), nutritional deﬁciencies (iron, vitamin B12, folate deﬁciency),
hematologic abnormalities (sickle-cell anemia, hemolytic anemia) and chronic
diseases (renal or hepatic insuﬃciency).
A large number of patients who require surgery manifest the anemia of
chronic disease (ACD). ACD is the second most prevalent anemia after anemia caused by iron deﬁciency and occurs in patients who have acute or chronic
immune activation [13]. ACD is driven by the immune system. Cytokines and
cells of the reticuloendothelial system induce changes in iron homeostasis
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Box 1. Potential causes of anemia in surgical patients
Genetic
Hemoglobinopathies
Thalassemias
Enzyme abnormalities of the glycolytic pathways
Defects of the RBC cytoskeleton
Congenital dyserythropoietic anemia
Rh-null disease
Hereditary xerocytosis
Abetalipoproteinemia
Fanconi anemia
Nutritional
Iron deficiency
Vitamin B12 deficiency
Folate deficiency
Starvation and generalized malnutrition
Hemorrhage
Immunologic- or antibody-mediated abnormalities
Physical effects
Trauma
Burns
Frostbite
Prosthetic valves and surfaces
Drugs and chemicals
Aplastic anemia
Megaloblastic anemia
Chronic diseases and malignancies
Renal disease
Hepatic disease
Chronic infections
Neoplasia
Collagen vascular diseases
Infections
Viral: hepatitis, infectious mononucleosis, cytomegalovirus
Bacterial: clostridia, gram-negative sepsis
Protozoal: malaria, leishmaniasis, toxoplasmosis
Thrombotic thrombocytopenic purpura and hemolytic uremic
syndrome
(diversion of iron from the circulation into the reticuloendothelial system resulting in iron-restricted erythropoiesis), reduced proliferation of erythroid
progenitor cells, reduced production of erythropoietin, and reduced life
span of RBCs, all of which contribute to the pathogenesis of anemia.
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Diagnosis
Preoperative anemia is easily diagnosed and treated. All patients should
be carefully evaluated for anemia during the preoperative evaluation [14]. A
detailed history and physical examination constitute the most important elements of the perioperative evaluation of patients for anemia. A complete
blood cell count is commonly obtained before surgery simply to ensure
that the patient has an adequate hematocrit. This value should be reviewed;
if it is abnormal, additional diagnostic testing is usually required.
If a surgical patient is anemic preoperatively, a diagnostic workup
a month or two before surgery is recommended to provide adequate time
for initiation of appropriate treatment after diagnosis is established. It is important to diﬀerentiate between the two most common anemia diagnoses,
iron-deﬁciency anemia and ACD (Fig. 2). The mainstays of therapy for
ACD are erythropoietic agents and supplemental iron therapy.

Fig. 2. Algorithm for diﬀerential diagnosis of anemia. STfR/log ferritin, ratio of the concentration of soluble transferrin receptor to the log of the serum ferritin level in conventional units.
(From Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med 2005;352:1020;
with permission.)
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Treatment of anemia
The evaluation and treatment of anemia play an important role in the
perioperative period. It is important to deﬁne the cause of anemia and to institute appropriate corrective therapy. Correction of anemia preoperatively
can minimize the amount of blood the patient will be exposed to in the operating room and in the postoperative period.
Anemia treatment strategies include iron, vitamin B12, or folate supplementation, administration of recombinant human erythropoietin (rHuEpo),
and blood transfusion.
Iron, folate, or vitamin B12 deﬁciency
For patients who have diagnosed vitamin (vitamin B12, folate) or iron deﬁciency, initiation of appropriate replacement therapy is easily accomplished preoperatively. For patients who have anemia of chronic disease
(renal insuﬃciency or failure, cancer), the mainstay of treatment is recombinant rHuEpo and concomitant iron supplementation.
Recombinant human erythropoietin
The availability of rHuEpo for the treatment of anemia oﬀers an option
in selected patients to reduce or eliminate the need for RBC transfusion. A
number of studies have documented that the use of rHuEpo preoperatively
is associated with a signiﬁcant reduction in the number of blood transfusions in the perioperative period.
A double-blind, placebo-controlled trial in 30 patients who had colorectal
cancer and anemia randomly assigned patients to receive rHuEpo, 150 IU/kg
body weight subcutaneously every 2 days from 10 days before surgery to
2 days after surgery [15]. Twenty patients were randomly assigned to receive
rHuEpo, and 10 were assigned to placebo treatment. No supplemental iron
was administered. rHuEpo therapy was associated with increased Hb (P ¼
.069) and increased reticulocyte count (P ¼ .0004) but with no diﬀerence in
blood transfusion rates. Low ferritin was associated with a decreased Hb response in the rHuEpo group. The authors concluded that hematopoiesis in
anemic patients can be stimulated by rHuEpo, but clinical eﬃcacy is limited
in patients who have decreased iron availability. A signiﬁcant deﬁciency of
this trial was the lack of use of iron supplementation to achieve maximal
erythropoietin eﬃcacy.
Another double-blind, placebo-controlled trial enrolled 100 patients who
had preoperative anemia (Hb ! 8.5 g/dL) and randomly assigned patients
to receive rHuEpo, 300 IU/kg body weight on day 4 before surgery and 150
IU/kg body weight for the following 7 days. All patients received oral iron
(200 mg daily  4). The use of rHuEpo was associated with a signiﬁcant reduction in RBC transfusion (0.3 versus 1.6 units transfused, P ! .05) and
no diﬀerence in discharge Hb (7.8 versus 7.2, respectively) [16].
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A small double-blind, placebo-controlled study (n ¼ 58) in anemic patients
who had head and neck cancer (prestudy Hb R 10.0 g/dL and % 13.5 g/dL)
administered rHuEpo, 600 IU/kg body weight for a total of three doses preoperatively. All patients received oral iron (150 mg iron sulfate two times/
d). The rHuEpo patients manifested increased mean Hb on day of surgery
(P ¼ .016), increased hematocrit (P ¼ .015), increased reticulocyte count
(P ! .001), and resultant transfusion avoidance in 34.5% of patients [17].
The eﬃcacy of rHuEpo in patients undergoing surgery for gastrointestinal tract malignancies was investigated in a double-blind, placebo-controlled
trial (n ¼ 63) with rHuEpo dosing of 300 IU/kg body weight. All patients
received 100 mg iron intravenously. Medications were administered for at
least 7 days before and 7 days after the operation. Patients who received
rHuEpo received signiﬁcantly fewer blood transfusions intraoperatively
and postoperatively, had signiﬁcantly higher hematocrit, Hb, and reticuloycyte count, had reduced postoperative complications, and had improved
1-year survival [18].
The European Epoetin Alfa Surgery Trial enrolled patients undergoing
orthopedic surgery with preoperative Hb concentrations between 10 and
13 g/dL (epoetin n ¼ 460; control n ¼ 235) in an open, randomized, controlled multicenter trial [19]. Epoetin-treated patients had higher Hb values
from the day of surgery until discharge (P ! .001) and lower transfusion
rates (12% versus 46%, P ! .001). Epoetin treatment had no signiﬁcant
eﬀect on postoperative recovery, but the time to ambulation and the time
to discharge was longer in transfused patients than in nontransfused
patients.
Epoetin eﬃcacy has also been investigated in anemic patients who have colorectal cancer (n ¼ 223) scheduled for surgery [20]. Patients were randomly
assigned to receive epoetin alfa, 150 or 300 IU/kg/d subcutaneously for 12
days (from day 10 before surgery to day 1 after surgery) or to a control group.
All received iron (200 mg/d by mouth) for 10 days before surgery. Mean Hb
levels were signiﬁcantly higher in the 300 IU/kg group than in the control
group, both 1 day before surgery (P ¼ .008) and 1 day after surgery (P ¼
.011). Blood loss during and after surgery was similar in all groups. Patients
who received epoetin alfa 300 IU/kg required signiﬁcantly fewer perioperative
transfusion units than control patients (0.81 versus 1.32; P ¼ .016) and significantly fewer postoperative units (0.87 versus 1.33; P ¼ .023). This study documented that preoperative epoetin alfa (300 IU/d) increased Hb in patients
undergoing colorectal surgery and was associated with a reduced need for
perioperative and postoperative transfusions.
Daily or every-other-day dosing of rHuEpo is cumbersome, and clinical
studies have documented similar eﬃcacy with rHuEpo daily and weekly
dosing in the preoperative period [21].
The strategy of preoperative weekly dosing of rHuEpo recommends initiating the ﬁrst dose 21 days preoperatively, continuing weekly dosing of
40,000 units subcutaneously for a total of four doses before surgery, and
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administering an additional dose postoperatively. Iron supplementation is
recommended in all patients because rHuEpo stimulates bone marrow production of RBCs and requires increased iron for maximal eﬃcacy.
Blood transfusion
A recent review of 62 studies (observational or interventional) examined
variables and patient characteristics associated with allogeneic RBC transfusion in surgical patients. Preoperative anemia was documented as a signiﬁcant risk factor for blood transfusion in 46 studies. Advancing age and
female gender, both associated with a higher rate of preoperative anemia,
were also associated with increased risk for perioperative blood transfusion
[22]. An observational study in 307 patients examined predictors of blood
transfusion in patients undergoing cardiac surgery and conﬁrmed preoperative anemia as a signiﬁcant risk factor by multivariate analysis [23].
The ‘‘10/30’’ (Hb/hematocrit) rule has long been recognized in the medical community as the threshold for transfusion in the perioperative setting,
but this rule has recently been challenged [24]. An increasing number of publications suggest there is no absolute threshold for blood transfusion for
anemia and that this decision should be based solely on a physiologic assessment of each patient. Blood transfusion should be reserved for patients
manifesting physiologic indications for transfusion, including tachycardia
and hypotension.
Transfusion of RBCs is useful in restoring oxygen-carrying capacity in
patients who have symptomatic anemia. In general, physicians should avoid
transfusing blood based on the criterion of Hb concentration alone. Instead,
they should focus on the impact of anemia on the patient’s symptoms and
level of activity. The concern for HIV infection and viral hepatitis has served
to highlight the potential risks associated with homologous transfusion therapy [25]. These concerns, along with possible alternatives, should be considered carefully before a decision is made to transfuse.
A recent meta-analysis reported the relationship of allogeneic blood
transfusion to postoperative bacterial infection in surgical patients and included 20 peer-reviewed articles published from 1986 to 2000 [26]. The total
number of subjects included in this meta-analysis was 13,152 (5215 in the
transfused group and 7937 in the nontransfused group). The common
odds ratio for all articles included in this meta-analysis evaluating the association of allogeneic blood transfusion to the incidence of postoperative
bacterial infection was 3.45 (range, 1.43–15.15), with 17 of the 20 studies
demonstrating a value of P % .05. These results provide overwhelming evidence that allogeneic blood transfusion is associated with a signiﬁcantly increased risk of postoperative bacterial infection in the surgical patient. The
common odds ratio of the subgroup of trauma patients was 5.263 (range,
5.03–5.43), with all studies showing a value of P ! .05 (0.005–0.0001).
These results demonstrate that allogeneic blood transfusion is an associated
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and apparently signiﬁcant and frequently overlooked risk factor for the development of postoperative bacterial infection in the surgical patient. Allogeneic blood transfusion is a greater risk factor for the development of
postoperative bacterial infection in traumatically injured patients than in
patients undergoing elective surgery.
Guidelines for blood transfusion have been issued by several organizations, including a consensus conference of the National Institutes of Health
[27], the American College of Physicians [28], the American Society of Anesthesiology [29], and the Canadian Medical Association [30]. The guidelines
recommend that in patients without known risk factors, the threshold for
transfusion should be a Hb level in the range of 6.0 to 8.0 g/dL. They
also indicate that patients who have Hb levels higher than 10 g/dL are unlikely to beneﬁt from blood transfusion.
Possible indications for RBC transfusion include
 Otherwise stable patients, if the Hb level is below 7 g/d
 Patients who have cardiovascular disease, if the Hb level is below 9 to
10 g/dL
 Bleeding patients, if anticipated blood loss will result in the Hb level falling below the transfusion thresholds listed previously
 Patients who have symptomatic anemia
Despite the guideline recommendations, it has been documented that transfusion rates for standard surgical procedures vary signiﬁcantly among institutions [31]. This recent study documented variation in transfusion practice
following repair of hip fracture or cardiac surgery and in patients requiring intensive care following a surgical intervention or multiple trauma (high-risk patients). Rates of allogeneic RBC transfusion were reported in 41,568 patients
admitted to 11 hospitals across Canada between August 1998 and August
2000 as part of a retrospective observational cohort study. In the subgroup
of 7552 patients receiving RBCs, the author and colleagues also compared
mean nadir Hb concentrations from center to center. The overall rate of
RBC transfusion was 38.7% and ranged from 23.8% to 51.9% across centers.
Women were more likely to be transfused than men (43.7% versus 35.3%,
P ! .0001), with higher rates of transfusion in 8 of 11 centers. Compared
with a chosen reference hospital that had a crude transfusion rate near the median, the adjusted odds of transfusion ranged from 0.44 to 1.53 overall, from
0.42 to 1.22 in patients undergoing a hip fracture repair, from 0.72 to 3.17 in
patients undergoing cardiac surgery, and from 0.27 to 1.11 in critically ill and
trauma patients. In the 7552 transfused patients, the mean adjusted nadir Hb
was 7.4 G 4.8 g/dL overall and ranged from 6.7 to 8.5 g/dL across centers.
Preventive strategies for perioperative anemia
A number of strategies are available for the prevention of anemia in the
perioperative period, including attempts to minimize diagnostic blood testing
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and the use of low-volume adult or pediatric sampling tubes, surgical techniques to minimize blood loss intraoperatively, perioperative cell salvage and
autotransfusion, acute normovolemic hemodilution, and the prompt evaluation and correction of any bleeding disorders or complications.
Perioperative cell salvage and autotransfusion have been documented to
decrease blood usage signiﬁcantly following surgery [32,33]. In a randomized
clinical trial of intraoperative autotransfusion in patients undergoing surgery for abdominal aortic aneurysm, the use of autotransfusion eﬀectively
reduced the need for blood transfusion and also was associated with a reduced incidence of postoperative systemic inﬂammatory response syndrome
and infectious complications [34].
It has been documented that transfusion-free surgery can be accomplished successfully, even in the conduct of complex surgical procedures
such as cardiac surgery and hepatic transplantation [35]. In these cases, however, special attention is paid to the preoperative treatment of anemia to increase Hb concentration preoperatively and to the intraoperative use of
acute normovolemic hemodilution and intraoperative cell salvage.
Summary
Perioperative anemia is common and is associated with increased need
for blood transfusion. Preoperative assessment of patients for the presence
of anemia is necessary with subsequent diagnostic workup to evaluate the
potential cause of anemia. Preoperative treatment of anemia based on the
diagnostic cause is associated with a reduction in the need for blood transfusion in the perioperative period. Additional advances in surgical technology that reduce blood loss intraoperatively are associated with a reduction
in postoperative anemia and should be used whenever possible. All strategies to prevent anemia in the perioperative period should be considered in
an eﬀort to minimize exposure of surgical patients to blood transfusion.
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Postoperative Nausea and Vomiting
Karen Stanley Williams, MD
Department of Anesthesiology and Critical Care, George Washington
University Medical Center, 900 23rd Street, N.W., Washington DC 20037, USA

Despite advances in our understanding of postoperative nausea and vomiting (PONV), the overall incidence of emetic sequelae after a balanced anesthetic remains between 20% and 30% [1], approaching 70% in patients in
certain high-risk categories [2]. PONV may lead to dehydration, electrolyte
imbalance, venous hypertension, bleeding, hematoma formation, suture dehiscence, esophageal rupture, hematoma formation, aspiration pneumonitis,
delayed discharge from the hospital or ambulatory surgery center, prolonged
nursing care, and unanticipated hospital admission, leading to increased
health care costs.
Patients report that their concerns associated with PONV are more worrisome than postoperative pain [3] and are willing to spend up to $100 of
their own money to avoid this discomfort and inconvenience [4]. Furthermore, the likelihood of nausea and vomiting occurring in the postanesthesia
care unit (PACU) may not correspond to the likelihood of nausea and vomiting after discharge from the medical care facility. Approximately 36% of
patients who experience postdischarge nausea and vomiting (PDNV) do
not experience any nausea and vomiting before discharge [5], with the overall incidence of PDNV approaching 50% [6,7].
Anatomy
The neuroanatomical site controlling nausea and vomiting is an illdeﬁned region called the ‘‘vomiting center’’ within the lateral reticular formation in the brainstem [8]. The vomiting center receives aﬀerent inputs
from higher cortical centers, the cerebellum, the vestibular apparatus, and
vagal and glossopharyngeal nerves [9]. Further interactions occur with the
nucleus tractus solitarius and the chemoreceptor trigger zone (CTZ), which
is located in the ﬂoor of the fourth ventricle [10]. The CTZ is outside the
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blood–brain barrier and in contact with cerebrospinal ﬂuid (CSF). The CTZ
enables substances in the blood and CSF to interact. Direct stimulation of
the CTZ does not result in vomiting. Immunochemical studies of these anatomical sites show that these areas contain histamine, serotonin, cholinergic, neurokinin-1 and D2 dopamine receptors [11].
Literature review
In 2003, a multidisciplinary panel of experts published Consensus Guidelines for Managing Postoperative Nausea and Vomiting, which was based
on a review of the medical literature through February 2002. The level of
the medical evidence was rated I-V based on study size and design as well
as the strength of the recommendation of expert opinion. The panel agreed
that universal prophylaxis of patients for PONV is not cost-eﬀective and
may place patients at undue risk from the potential side eﬀects of antiemetics.
Patients at moderate risk of PONV should receive either monotherapy or
combination prophylactic therapy (Fig. 1). Patients at high risk for
PONV should receive multimodal prophylactic therapy of antiemetic
agents from two or three diﬀerent classes [12].
Apfel reported four independent predictors, enabling health care practitioners to identify adults at risk for PONV. Risks were greater for females,
patients with a history of motion sickness or PONV, nonsmokers, and patients taking postoperative opioids. The rate of PONV was 10% when no
risk factor was present, 23% when one factor was present, 39% when two
factors were present, 61% when three factors were present, and 79%
when all four factors were present [2]. These ﬁndings were supported in recent reports about inpatients [13,14]. Meanwhile, issues involving PONV
among young adults remain controversial [15]. Also, the inﬂuence of postoperative pain on the incidence and management of PONV is unclear.
The use of opioids may provoke nausea, but opioids are also used to relieve
pain, resulting overall in a decreased incidence of PONV [16,17].
While the panel was unable to reach full consensus regarding the association between the type of surgery and risk of PONV, it noted that the bulk
of data reviewed and reported was related to cases where variations in the
duration of the operations and the types of anesthetic made it diﬃcult to
pinpoint how speciﬁc surgical procedures may relate to PONV. However,
Sinclair also conducted a study on 17,638 ambulatory surgical patients, reporting an overall incidence of PONV of 4.6% in the PACU and 9.1% during a 24-hour follow-up [18]. In addition to conﬁrming Apfel’s four risk
factors, Sinclair’s study suggested that the use of general anesthesia resulted
in an 11-fold increased risk of PONV compared with regional anesthesia.
Also, each 30-minute increase in duration of anesthesia resulted in a 59%
increase in the incidence of PONV. Patients undergoing plastic, ophthalmologic and orthopedic surgery were six times more likely to experience PONV
than patients in a control group. Meanwhile, patients undergoing ear-nose-
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Evaluate risk of PONV
in surgical patient

Low

No prophylaxis
unless there is
risk of medical
sequelae from
vomiting

Baseline Risk Reduction
•minimize opioids
•avoid high-dose neuromuscular
reversal agent
•avoid N2O
•adequate hydration
•FiO2 of 0.8 intraoperatively
•Propofol maintained anesthesia

Moderate

High

Consider regional
anesthesia

Not Indicated

If general anesthesia is
used, reduce baseline risk
factors and consider using
nonpharmacologic
therapies

Patients at
moderate risk

Consider antiemetic
prophylaxis with
monotherapy (adults) or
combination therapy
(children and adults)

Patients at
high risk

Initiate combination
therapy with 2 or 3
prophylactic agents from
different classes

Fig. 1. Algorithm for management of postoperative nausea and vomiting. (From Gan TJ,
Meyer T, Apfel C, et al. Consensus guidelines for managing postoperative nausea and vomiting.
Anesth Analg 2003;97:62–71; with permission.)

throat, dental, general orthopedic, and gynecologic procedures were twice as
likely to experience PONV than patients in the control group. Laparoscopic,
breast, strabismus, laparotomy and plastic surgical procedures have also
been reported as increasing the risk of PONV [18–20].
Postoperative vomiting is rare in children under 2 years old. However the
incidence of postoperative vomiting (POV) increases to approximately 40%
between ages 3 years and puberty, when the incidence gradually decreases
[21]. Puberty also marks the onset of gender diﬀerences in the incidence of
POV [22]. Adenotonsillectomy, strabismus repair, hernia repair, orchiopexy
and penile surgery are speciﬁc operative procedures associated with an increased risk of POV in children [21]. Postoperative nausea is excluded
from these studies in children because of the diﬃculty diagnosing nausea
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in young children. Box 1 summarizes strategies that may reduce the baseline
risk of PONV.

Regional anesthesia
Patient factors linked to an increased risk of PONV following regional
anesthetic, as opposed to general anesthesia, require further clariﬁcation.
Most reported research does not distinguish between the two anesthetic
techniques in their case mix or patient populations. Intraoperative sedation
is also often used to relieve anxiety and improve patient perioperative satisfaction and comfort when a regional anesthetic is chosen. Current sedatives
most commonly chosen are midazolam or propofol. Both sedatives have
been eﬀective in reducing nausea and vomiting [23].
Several mechanisms may play roles in the incidence of PONV in patients
undergoing a regional anesthetic. Crocker and Vandam reported that a systolic blood pressure of less than 80 mmHg, a block higher than the ﬁfth thoracic segment and the addition of vasoconstrictors to the local anesthetic,
increased the incidence of nausea and vomiting during spinal anesthesia
[16]. Low blood pressure may lead to brain stem ischemia, which may concurrently activate the circulatory, respiratory, and vomiting centers in the

Box 1. Risk factors for PONV in adults
Patient-specific risk factors
 Female sex
 Nonsmoking status
 History of PONV or motion sickness
Anesthetic risk factors
 Use of volatile anesthetics within 0–2 hrs
 Use of nitrous oxide
 Use of intraoperative and postoperative opioids
Surgical risk factors
 Duration of surgery (each 30-min increase in duration
increases PONV risk by 60% so that a baseline risk of 10%
is increased by 16% after 30 min)
 Type of surgery (risks higher for laparoscopy, ear-nose-throat,
neurosurgery, breast, strabismus, laparotomy, plastic surgery,
orthopedic surgery and gynecologic procedures)
From Gan TJ, et al. Consensus guidelines for managing postoperative nausea
and vomiting. Anesth Analg 2003;97:62–71; with permission.
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medulla [17], and may be relieved by oxygen [24]. There is also speculation
that hypotension leads to gastrointestinal ischemia, releasing emetogenic
substances, such as serotonin, from the intestines [25].
Table 1 summarizes the eﬀect of varying admixtures to spinal and epidural anesthetics and their subsequent eﬀect on PONV [26]. The addition of
epinephrine to spinal anesthetics may increase the risk of PONV, regardless
of the rate of hypotension [27]. The mechanism of action is unclear, but may
be related to serotonin release [25] and the alpha-adrenergic eﬀects on the
CTZ [28]. Hydrophilic narcotics, such as morphine, are frequently added
to supplement spinal anesthetics. They tend to remain in the cerebrospinal
ﬂuid for prolonged periods, moving rostrally by diﬀusion or bulk spread,
reaching the CTZ within 5 to 6 hours, coinciding with the peak onset of nausea [29,30]. However, patients undergoing extensive surgical procedures,
such as major orthopedic surgery, or transabdominal hysterectomy where
postoperative analgesia is warranted, may not experience increased
PONV, depending on the dose of intrathecal morphine used, particularly
if a dose of less than 0.1 mg is chosen. By contrast, highly lipophilic opioids,
such as fentanyl, administered intrathecally produce intense analgesia with
infrequent nausea and vomiting.
Table 2 summarizes the eﬀect of various medication admixtures on extremity and truncal nerve blocks [26]. The use of upper- and lower-extremity
blocks for short procedures remains popular because of short operating
times, limited surgery, and quick recovery after tourniquet release, all contributing to low PONV with reported incidence ranging from none to 10%
regardless of the type of local anesthetic [31,32]. However, the addition of
opioids to the local anesthetics may [33,34] be associated with increased nausea after tourniquet deﬂation following Bier blocks, but not with other upper-extremity blocks, such as interscalene, supraclavicular, infraclavicular
or axillary [35–39]. Intercostal and paravertebral nerve blocks are also alternatives to general anesthesia for breast surgery, a documented risk factor for
PONV. However, the techniques may be time-consuming and the failure
rates are high.
Lower-extremity blocks such as femoral-sciatic or saphenous-popliteal
report very low rates of PONV [40–43]. However, they may be time-consuming and cumbersome to perform if the medical facility does not have experienced staﬀ and the appropriate physical space to provide the blocks
without schedule delays.

Management of PONV
In managing PONV, medical professionals should consider the four major receptor systems that have been identiﬁed in the etiology of PONV. Antiemetic therapy may act at the muscarinic/cholinergic, dopaminergic (D2),
histaminergic (H1), or serotonergic (5-HT3) receptors with NK-1 receptors
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Table 1
Eﬀect of intrathecal or epidural additives on PONV
Local
anesthetic

Epinephrine

Intrathecal

Increased

No change
if avoid
hypotension

Epidural

Controversial

No change if
avoid
hypotension

Morphine

Fentanyl

Sufentanil

Meperdine

Clonidine

Neostigmine

Dose-dependent
increase;
modiﬁed by
extent of
surgery
No change
up to 5 mg

Negligible,
no change

Negligible,
no change

Increased

No change if
avoid
hypotension

Increased;
poorly
treated with
antiemetics

No change

No change

No change

No change

No change up
to 4 mcg/kg
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Anesthetics

Nerve blocks
Upper extremity
blocks

Truncal blocks
Lower extremity
blocks

Local
Epinephrine anesthetic

Morphine

Fentanyl

Sufentanil

Meperdine Clonidine

Very low
No change if
No change if
Dose-dependent Increased
(depending
no prolonged
no prolonged
increase; mild,
upon choice of
plexus catheter
plexus catheter
short duration
IV sedatives)
used
used
Low depending
upon IV sedatives
Low depending
No change
upon IV sedatives

Neostigmine

None if avoid Increased
bradycardia/
hypotension

No change
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Eﬀect of additives to local anesthetics on PONV during peripheral nerve blocks
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being investigated. Current pharmacotherapies available for the management of PONV are summarized in Table 3 [12].
Other interventions with potential antiemetic eﬀects
Benzodiazepines are eﬀective in the prophylaxis and treatment of PONV,
particularly in persistent cases where other antiemetics failed to control
symptoms [44–48]. Propofol used for the induction and maintenance of anesthesia is as eﬀective as 4mg ondansetron in preventing PONV [49] and has
a lower incidence of PONV than inhalation agents [5,50,51]. Its eﬀects are
most pronounced in the early postoperative period and are eﬀective in subhypnotic dosages [52]. Intramuscular ephedrine (0.5 mg/kg) is also an eﬀective prophylaxis in the early postoperative period (0–3 hr) [53–55]. Alpha 2
adrenergic agonists signiﬁcantly reduce the incidence of PONV in adults
and children [56,57]. Supplemental oxygen (80%) intraoperatively and for
2 hours postoperatively reportedly provides eﬀective relief of PONV compared with 30% oxygen [58,59]. However, this ﬁnding was not conﬁrmed
in a subsequent study of females undergoing ambulatory gynecologic surgery [60]. Finally, adequate hydration signiﬁcantly reduces the incidence
of PONV [61].

Nonpharmacologic techniques
Twenty-four randomized trials by Lee and Done involving acupuncture,
electroacupuncture, transcutaneous electrical nerve stimulation, acupoint
stimulation and acupressure found a signiﬁcant reduction in early PONV
(0–6 hr) in adults treated with acupuncture compared with placebo, and

Table 3
Antiemetic doses and timing for administration in adults
Drug

Dose

Timing

Ondansetron
Dolasetron
Granisetron
Tropisetron
Dexamethasone
Droperidol
Dimenhydrinate
Ephedrine
Prochlorperazine
Promethazine
Scopolamine

4–8 mg IV
12.5 mg IV
0.35–1 mg IV
5 mg IV
5–10 mg IV
0.625–1.25 mg IV
1–2 mg/kg IV
0.5 mg/kg IM
5–10 mg IV
12.5–25 mg IV
Transdermal patch

At end of surgery
At end of surgery
At end of surgery
At end of surgery
Before induction
At end of surgery

At end of surgery
At end of surgery
Applied prior evening or
4 h before end of surgery

From Gan TJ, et al. Consensus guidelines for managing postoperative nausea and vomiting.
Anesth Analg 2003;97:62–71; with permission.
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that antiemetics (metoclopramide, cyclizine, droperidol, prochlorperazine)
versus acupuncture were comparable in preventing early and late (0–48
hr) PONV in adults [23]. Although this study reported no beneﬁcial eﬀects
in children, subsequent reports have documented prophylactic eﬀectiveness
in children [62–65]. Electoacupuncture at the P6 point provided similar eﬃcacy to control PONV as compared with prophylactic ondansetron, including the added beneﬁt of less pain. Combination therapy of acupoint
electrical stimulation with ondansetron is associated with a lower incidence
of PONV, less need for rescue medications, and improved patient satisfaction than with ondansetron alone [66,67]. Hypnosis has also been found
to be more eﬀective than placebo [68], but gingerroot has not been found
to have a beneﬁcial eﬀect [69].
Future research
Neurokinin-1 (NK-1) receptor antagonists have been studied in humans
and were found to be eﬀective in the prophylaxis and treatment of PONV.
Further, these in combination with ondansetron signiﬁcantly prolonged the
time to administration of rescue antiemetics compared with either drug
alone [70].
All 5HT-3 antagonists are metabolized in various degrees by cytrochrome P-450. Dolasetron is predominantly metabolized by CYP2D6.
Granisetron is metabolized predominantly by CYP3A4 and, to a lesser extent, by CYP2D6. In 2004, Candiotti and colleagues reported that results
from a group of 250 healthy adult females undergoing general anesthesia
were similar to results involving some chemotherapy patients showing decreased eﬀectiveness of ondansetron when three or more alleles of the
CYP2D6 genetic pathway of cytrochrome P450 were present. Patients possessing three copies of the gene were statistically more likely than patients
possessing one or two copies to have vomiting despite administration of
ondansetron [71]. Janicki also investigated individual drug responses based
on variations in drug biotransformation by genetically polymorphic enzymes. Patients classiﬁed as extensive metabolizers and ultrarapid metabolizers experienced more frequent vomiting following surgery conducted
with general anesthesia. The diﬀerence was more pronounced with dolasetron than granisetron. Further genomic research and testing is anticipated.
However, its use for the general surgical population is currently expensive
and of limited feasibility [72].
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A thorough understanding of the anatomy and neurophysiology of the
pain response is necessary for the eﬀective treatment of perioperative
pain. Pain begins with stimulation of specialized nerve endings called nociceptors. Nociceptors exist throughout the body and serve as the proximal
end of the sensory nerves. Most prevalent in highly sensate areas, such as
the ﬁngertips, extremities, and face, these receptors are most often stimulated directly by injury and surgical incision. In addition to responding to direct stimulation, these receptors also respond to mediators released during
surgical trauma, inﬂammation and stress, leading to impulse formation
and pain [1–4]. These mediators, which include prostaglandins, bradykinins,
histamine, and serotonin, act by two mechanisms to cause pain [1,5,6]. First,
they act on nerve endings to cause pain impulse formation. Second, they amplify other pain signals caused by direct stimulation. These mediators have
also been implicated in prolonged up-regulation of nociceptors, which leads
to chronic pain, phantom pain, and hypersensitization [1,4].
Nociceptor stimulation causes depolarization of the nerve, creating an
all-or-nothing response. The nerve impulse travels from the periphery to
the dorsal horn of the spinal cord via Lissauer’s tract. Myelinated A-d nerve
ﬁbers conduct nerve impulses rapidly. Relatively slow conduction takes
place in unmyelinated C ﬁbers in the viscera, which join autonomic nerves
as they travel to join somatic nerves entering the central nervous system.
This union of visceral and somatic nerves is responsible for the phenomena
of referred pain. Because the visceral nerves enter the cord at the level of the
somatic nerves with which they travel, the pain is perceived to be originating
from the area innervated by the somatic nerves.
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The sensory ﬁber nerves enter the dorsal horn. Pain and temperature
ﬁbers cross the midline and ascend to the brain in the lateral spinothalamic
tract. Substance P is the primary neurotransmitter at the synapse between
the aﬀerent peripheral and ascending spinothalamic tract nerves. Interestingly, substance P has also been well described as a primary mediator in
the neuroinﬂammatory cascade providing a connection between inﬂammation and chronic pain. The ascending ﬁbers in the spinothalamic tract terminate primarily in the brain stem and thalamus, which then relay the
information to the perceptive cerebral cortex. Signal transmission to and
within the cerebral cortex causes perception and localization of pain. Other
signals are sent to the limbic system, further processed in the emotional centers, and are thereby responsible for the emotional response to pain.
Inﬂammation and pain
Inﬂammation is itself painful. Often this simple fact is not recognized and
patients are undertreated. Inﬂammation causes pain through the up-regulation of stimulated nociceptors and the recruitment of nonstimulated or dormant receptors [1,3,4]. Proinﬂammatory mediators, including TNF-a, IL-1,
IL-6, and the interferons, decrease the threshold for impulse generation, and
raise the intensity of the nociceptic impulse. Additionally, the basal rate of
discharge of peripheral nociceptors increases in a proinﬂammatory state [7].
These mechanisms make pain control in the patient with inﬂammatory
conditions both complicated and diﬃcult. These mediators explain why the
pro-inﬂammatory state is itself painful. Patients with inﬂammation generally
require analgesia at levels equal to or greater than levels required by patients
with more direct and obvious sources of pain [7].
Inﬂammation can generate pain, but pain in turn also generates inﬂammation. As described above, nociceptor stimulation and the resultant generation of the nerve impulse take place in an all-or-nothing fashion. Several
factors modulate pain intensity. These factors include the number of receptors stimulated, the duration of stimulation, and how eﬃciently the central
nervous system processes the impulses. When the pain response is suﬃciently
intense or prolonged, the pain impulse is further ampliﬁed by neurogenic
inﬂammation [6]. Neurogenic inﬂammation is mediated by the release of
substance P, which is also the primary central neurotransmitter at the presynaptic nerve ending. During intense or prolonged pain, substance P acts
peripherally to induce inﬂammation, vascular permeability, and other tissue injury, causing both nociceptor stimulation and ampliﬁcation of nerve
impulses [5].
Pain and subsequent neurogenic inﬂammation have the same physiologic
eﬀects as direct tissue injury or surgical stress. These eﬀects include elevation
of the heart rate, higher blood pressure, increased O2 consumption, myocardial ischemia, lung injury, and release of adrenocorticotropic hormone
(ACTH), antidiuretic hormone (ADH), cortisol and proinﬂammatory
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mediators, including IL-1, Il-6 and TNF-a [6,8,9]. Intense pain leads to
changes that can reorganize the dorsal horn ultra structure. Dorsal horn
changes result in new feedback loops, causing central sensitization and precipitating the onset of chronic pain [5,7].
Along with the inﬂammatory and structural changes, which are responsible for sensitization and chronic pain, a change in gene expression takes
place with intense painful stimuli. Previous pain and ongoing chronic pain
modulate the pain experienced with each new painful stimulus. Painful stimuli have been shown in animal studies to produce gene expression changes
that precipitate changes in pain perception and impulse formation in as little
as 1 hour [5]. Posttranslational modiﬁcation causes inﬂammatory ampliﬁcation of painful stimuli and pain perception. Preemptive analgesia and balanced analgesia become especially important in patients who have been
previously sensitized [5,6,10,11].
Certain receptors may be especially important for the transformation
from acute to chronic pain. N-nitrosodimethylamine (NDMA) is the primary receptor involved in chronic pain and sensitization, but substance P
and protein kinase C have been implicated as well [12,13]. Acute pain leads
to sensitization of these receptors, decreasing the threshold for future impulse as well as increasing the baseline impulse level in much the same manner as described above for neurogenic inﬂammation [5].
Descending modulation of pain
Descending pain ﬁbers from the cerebral cortex and midbrain modulate
the aﬀerent nerve stimuli that transmit nociceptive impulses to the central
nervous system. Other molecular neurotransmitters, including enkephalin,
noradrenaline, serotonin, and gamma aminobutyric acid (GABA), also
modulate and inhibit the frequency and degree of nociceptive impulses,
thereby attenuating the pain response [11]. These substances, including the
endogenous opioids and endorphins, are released from the central nervous
system, bind to opioid receptors, and prevent presynaptic release of neurotransmitters, including substance P, thereby inhibiting the perception and
response to painful stimuli [11].
Nerve anatomy
Peripheral nerves are made of millions of axons bundled into fascicles. At
the end of each of these nerves are the nociceptors. Multiple fascicles are
then bundled into nerves. This bundling is brought about by the Schwann
cell, which is also responsible for myelination.
Myelin provides some structure for the nerve and increases the speed of
conduction of the nerve impulse. A protective sheath, called the endoneurium, surrounds each axon. Each fascicle is in turn surrounded and protected by the perineurium and each nerve by epineurium. Each of these
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layers serves to protect the nerve from trauma and allows the nerve to ﬂex
and move without injury. Pharmacologically, the layers are important because they inhibit the penetration, slow the diﬀusion, and prolong the duration of local anesthetic.
At the cellular level, each nerve cell membrane is made of a phospholipid
bilayer, which separates the nerve into hydrophobic and hydrophilic domains. Bridging these domains are transmembrane channels, including the
sodium channels necessary for depolarization and conduction. In the nerve
cell, the principle extracellular cation is sodium, while potassium is the principle intracellular cation. Active transport of sodium and potassium maintains a transmembrane gradient of ÿ70 to ÿ90 mV thereby creating a
polarized, charged electrical potential for nerve signaling.
Peripheral nerves are further classiﬁed into myelinated and unmyelinated
ﬁbers. Myelin is a lipid-based substance made by Schwann cells. It is found
on larger sensory and motor nerves. Myelin serves to increase the speed of
impulse conduction by salutary conduction. In unmyelinated nerve ﬁbers,
conduction proceeds by sequential opening of closely spaced sodium channels. In all myelinated nerves, however, transmembrane sodium channels are
found only intermittently along the nerve axon at specialized nodes called
the nodes of Ranvier. In a myelinated axon, transmembrane sodium channels are widely spaced at the nodes of Ranvier, allowing electric potential to
‘‘jump’’ from node to node, thereby increasing the velocity of impulse
conduction.
Pharmacology of nonopioid analgesia
Nonopioid analgesics can be separated into two categories: nonsteroidal
anti-inﬂammatory drugs (NSAIDs) and acetaminophen. Acetaminophen
has long been the gold standard for mild to moderate pain control and is
often used for its antipyretic eﬀects. It has an excellent safety proﬁle at standard dosing of 325 to 1000 mg every 4 to 6 hours. Unlike most opioids, dose
escalation does not provide greater drug eﬀect. Acetaminophen’s only major
side eﬀect is hepatotoxicity. Although hepatotoxicity has been reported at
the recommended dose of 325 to 1000 mg every 6 hours, hepatotoxicity at
doses less than 4 g over 24 hours is unlikely [10].
Acetaminophen is a metabolic product of phenacetin, an analgesic that
has a signiﬁcant risk of nephrotoxicity and, as a result, is no longer available
for prescription. Prolonged use of large doses of acetaminophen is associated with an increased risk of renal insuﬃciency, although this event is considered unlikely at normal doses. Unlike many NSAIDs, acetaminophen is
not associated with platelet dysfunction and, as a result, does not increase
bleeding risk [10,14].
Making up the class of NSAIDs are the salicylates, proprionic acids, acetic acids, oxylates, and fenamates, all of which act through the blockage of
cyclooxygenase (COX). COX is an enzyme that converts arachidonic acid to
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prostaglandin, which is necessary for neurosensitization to painful stimuli
and subsequent hyperalgesia. Cellular injury leads to release of phospholipids, which are an important component of the cell membrane. Phospholipids are then metabolized to arachidonic acid in the presence of the enzyme
phospholipase. Arachidonic acid is metabolized in the presence of COX, resulting in the formation of prostaglandin. Prostaglandins are molecular signals that stimulate nociceptive nerve impulse transmission from the site of
injury. By blocking prostaglandin synthesis, NSAIDs block transduction
of the physical stimulus to the nociceptors [3,10,14].
The alternative pathway for COX metabolism is the production of leukotrienes. Inhibition of COX can theoretically increase leukotriene production,
accounting for rare asthmatic and anaphylactic reactions to NSAIDs [14].
COX exists in two isoforms, which have markedly diﬀerent physiologic
eﬀects. COX-1 inﬂuences platelet function, gastric mucosal protection,
and hemostasis, while the COX-2 isozyme aﬀects the inﬂammatory cascade
and pain [14]. Aspirin and most of the NSAIDs are nonselective and block
both isoforms, resulting in analgesia along with varying degrees of side effects, including injury to the gastric mucosal barrier, coagulopathy, and
platelet dysfunction [15,16]. The inhibition of prostaglandin synthesis is
the prime cause of the side eﬀects of COX inhibitors. Prostaglandins inﬂuence the creation and maintenance of the gastric mucosal barrier and
NSAIDs have long been implicated in the destruction of this barrier and
subsequent ulceration. NSAIDs also act directly on the gastric mucosa,
causing direct mucosal injury and ulceration [5,10,14]. Although the risk
of bleeding from NSAID use is small, the risk increases with older patients,
higher drug dosages, and longer periods of therapy.
COX-1 is present in the stomach, intestines, kidneys, and platelets, and
helps produce prostaglandins, which have a role in regulating gastrointestinal function and platelet aggregation. COX-2 is produced during inﬂammatory states and serves as an enzyme for production of prostaglandins that
mediate inﬂammation pain and fever. Theoretically, a drug that inhibits
only COX-2 would, as a result, be primarily anti-inﬂammatory, without incurring the adverse risks of gastrointestinal ulceration and bleeding [16].
Despite great hope that the selective COX-2 inhibitors would provide
analgesia without gastrointestinal side eﬀects, little evidence supports
that claim. Additionally, recent evidence shows the COX-2 inhibitors to
be associated with adverse cardiovascular events, including myocardial infarction and cerebrovascular accident (CVA). A study testing the eﬃcacy
of rofecoxib in preventing colonic polyps showed that patients treated
with rofecoxib had a higher rate of cardiovascular events. As a result of
this data, Merck withdrew rofecoxib from the market in September
2004. Similarly, a National Institutes of Health trial examining celecoxib
was ended because of the unexpected ﬁnding of cardiovascular toxicity.
At the time of this writing, celecoxib and valdecoxib have also been withdrawn [17–23].
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NSAIDs alone are useful for mild to moderate pain. For perioperative
pain they are useful adjuncts to opioids and local anesthetics [10,24].
NSAIDs can reduce perioperative opioid dose requirements by up to 50%
[25]. NSAIDs help modulate and treat the inﬂammatory milieu and attenuating the pain caused and heightened by inﬂammation. NSAIDs are
most often given orally. Ketorolac is a nonselective COX inhibitor that
can be given intramuscularly or intravenously in the perioperative period
[14,26,27].
Pharmacology of opioid analgesia
Because of its potency, opioid analgesia is the gold standard for perioperative pain control. Opioid receptors exist in the periphery, spinal cord, and
central nervous system. Recently, opioid receptors have also been identiﬁed
on inﬂammatory and immunologic cells. Opioids act by binding to presynaptic receptors and preventing the release of substance P at the presynaptic
vesicle, thereby preventing impulse transmission. The three opioid receptors
are m, k, and d. Each receptor is in a diﬀerent location and produces diﬀerent
eﬀects. The m receptor is responsible for spinal and supraspinal analgesia
and also mediates undesirable opioid side eﬀects, such as respiratory depression, bowel dysmotility, urinary retention, and pruritus. The k receptor also
provides spinal and supraspinal analgesia while mediating miosis, sedation,
and dysphasia. The d receptor mediates spinal and supraspinal analgesia.
While some opioid receptors exist in the periphery, most are located centrally. To function, the opioids must cross the blood-brain barrier. The
opioids have diﬀering partition coeﬃcients and lipid solubilities, which determine distribution, onset, and duration of action. Opioids with greater
lipid solubility have a faster onset of action because of their rapid distribution and ability to cross the blood-brain barrier. Fentanyl is an example of a
lipid-soluble drug with a high potency and a rapid onset of action.
Unlike acetaminophen and the NSAIDs, opiates do not have a ceiling effect and escalating doses will stop pain once enough drug is given. Often, as
doses escalate, respiratory depression and other less serious side eﬀects make
it imprudent to further escalate doses [28]. Careful monitoring of opioid administration in the opioid naı̈ve and elderly patient is essential.
Opioids are divided into two categories. In one category are the m agonists, which include morphine, hydromorphone, fentanyl, oxycodone, codeine, methadone, and meperidine. In the other category are the agonist/
antagonists. The agonist/antagonists are further divided into the mixed
agonist/antagonists, because they bind at both the m and k receptors, and
partial agonists, so called because of their limited eﬃcacy.
Morphine is the model opioid to which all others are compared. Intravenous morphine is most commonly used in the perioperative period, although
it is also available for oral, rectal, intrathecal, and epidural use. Subcutaneous or intramuscular morphine administration is an option but inconsistent
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uptake and distribution of the drug from these sites make intravenous use
a better choice in the perioperative period. Intravenous morphine has an onset of action at approximately 5 minutes, a peak eﬀect within 20 minutes,
and duration of action of 3 to 4 hours. Unfortunately, morphine has a relatively high incidence of associated nausea and vomiting, which can delay
discharge from the recovery room or same-day surgery unit [10,29].
Fentanyl is a highly potent lipophilic drug with an onset of action of approximately 30 seconds after intravenous administration and a short duration of action because of rapid redistribution from fat stores. The short
duration of action of fentanyl is ideally suited to outpatient surgery and
makes for easy rapid titration in the inpatient setting. Fentanyl remains
an ideal drug for drip titration in the ICU. In addition to oﬀering the beneﬁts of rapid titration, fentanyl has a lower incidence of nausea and vomiting
compared with morphine, making fentanyl a better choice for analgesia in
outpatient surgery.
Meperidine is another opiate available for perioperative use. Meperidine
has a similar time-to-onset but only one tenth the potency of morphine. In
addition, it has atropine-like side eﬀects, including tachycardia and ampullary dilatation. Meperidine has a toxic metabolite (normeperidine), which is
excreted in the urine. Normeperidine causes anxiety, tremor, and seizures.
While meperidine should be avoided in patients with renal insuﬃciency,
the drug is eﬀective in the treatment of postoperative shivering when given
in small doses.
Oxycodone and hydrocodone are opiates available orally and often used
in conjunction with acetaminophen. These drugs are eﬀective for mild to
moderate pain and the dose can be increased if the pain is more severe. Oxycodone is also available in sustained release form, which can provide analgesia for up to 12 hours.
Codeine is a weak opioid that is also often combined with acetaminophen. The maximum recommended analgesic dose of codeine is 60 mg every
6 hours. Codeine is not very eﬀective for severe pain but can be a useful adjunct to reduce other opioid requirements. Once the patient is ready to transition from the ICU to the ﬂoor or hospital to home, codeine usually
provides well-tolerated analgesia [10,14].
Tramadol is a relatively new analgesic drug. Both tramadol and meperidine have a similar eﬃcacy [30–32]. Tramadol works through two mechanisms. First, as a weak opioid agonist, the drug acts on m receptors [30–
32]. Second, tramadol inhibits monoamine neurotransmitter re-uptake,
which weakly hinders norepinephrine and serotonin re-uptake in a manner
similar to an antidepressant. Tramadol has two enantiomers, which lead to
better eﬃcacy. Safety and eﬃcacy are similar to other opioids and meperidine. Tramadol may be given in doses of 50 to 100 mg orally every 4 to 6
hours in adult patients. Concomitant use of antiemetics may be necessary
in outpatient surgery when tramadol is used because of the increased risk
of nausea and vomiting [33].
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Over the past 5 years, ketamine has seen increasing use as an analgesic/
sedative drug outside the operating room. Ketamine owes its increased
use to its opioid-sparing eﬀect. Ketamine works through NDMA modulation and has been eﬀective in preemptive analgesia and reduction of narcotic
requirements [34–36].
Pharmacology of local anesthesia
While local anesthetics vary widely in their applicability, onset, and duration, they all eliminate conduction of nociceptive impulses along the nerve
axon. Local anesthetics bind to receptors in the sodium channel, blocking
sodium inﬂux, arresting depolarization, and interrupting conduction. All local anesthetics are made up of a lipophilic aromatic ring linked by either an
amide or ester group to a hydrophilic amino group. This tertiary amine
structure allows the anesthetic to penetrate the nerve and diﬀuse into its
lipid-rich environment. All local anesthetics are weak bases with Pkas
that range from 7.6 to 8.9 [33].
Ester-linked local anesthetics are metabolized by cholinesterase produced
in the synaptic nerve endings. The anesthetics are then broken down into
para-aminobenzoic acid (PABA), a common ingredient in many healthcare products, lotions, and creams. Because most patients are already sensitized to PABA, cross-reaction and allergy can take place [33].
The potency of local anesthetics depends on their lipid solubility, which is
measured by the oil-water partition coeﬃcient. The more lipid soluble an
anesthetic is, the more binding takes place, resulting in increased potency.
The potency additionally depends on vasodilatation and redistribution in
the particular tissue bed. Potency is not based on the characteristics of the
anesthetic alone but also on the distribution and washout of the drug. Duration of action is based on the degree of binding of the drug. Duration of
action can be prolonged by adding epinephrine to the anesthetic, thereby
causing vasoconstriction and slowing washout of the drug [33].
There are six major adverse reactions to local anesthetics: cardiac arrhythmias, hypertension, direct tissue toxicity, central nervous system toxicity, methemoglobinemia, and allergic reactions. Of all local anesthetics,
bupivacaine is associated with the most serious cardiac arrhythmias. Bupivacaine depresses conduction of cardiac tissue, which can result in reentrant arrhythmias. These arrhythmias can in turn rapidly degenerate into
ventricular ﬁbrillation [37,38]. Great care must be taken to avoid intravascular injection of bupivacaine. In addition, recommended doses of bupivacaine should not be exceeded.
All local anesthetics have central nervous side eﬀects, which include dizziness, lightheadedness, paresthesias, nervousness, and disorientation. Severe toxicity can result in seizures, coma, and even respiratory arrest. For
this reason, care must be taken to avoid intravascular injection when doing
a ﬁeld block or nerve block. Intraneural injection can result in neurotoxicity.
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All local anesthetics in high concentrations are neurotoxins. Injection of
a drug into a nerve can result in nerve injury because of the needle. Finally,
the direct injection of a drug into a nerve sheath can result in a compartment
syndrome occurring within the epineurium, resulting in nerve injury from increased pressure.
An unusual but potentially fatal complication of local anesthesia is methemoglobinemia. Prilocaine is the drug most commonly associated with
methemoglobinemia. Methemoglobinemia occurs as a result of oxidation
of the iron in hemoglobin from the ferrous to the ferric form. This oxidation
can take place as a result of exposure to prilocaine, resulting in increased afﬁnity of oxygen to the hemoglobin molecule. Because of this aﬃnity, oxygen
does not dissociate from the hemoglobin molecule in peripheral tissues,
thereby causing decreased oxygen delivery. Tachypnea, cyanosis and spuriously increased hemoglobin oxygen saturation are the clinical signs of
methemoglobenemia. Supplemental oxygen will not increase oxygen saturation. A high index of suspicion is essential to make the diagnosis. Methemoglobinemia is easily treated by the administration of methylene blue
intravenously in doses of 1 to 2 mg/kg [39]. Methylene blue reduces the
ferric ion to the ferrous form, thereby allowing hemoglobin molecules to
release oxygen to the peripheral tissues. Methemoglobinemia usually results when prilocaine is used as either a topical anesthetic in the oral pharynx or in the eutectic mixture local anesthetic (EMLA) cream [39,40].
Methemoglobinemia is most commonly associated with this form of prilocaine administration because of the diﬃculty in controlling the amount of
drug administered in a spray or in a topical cream.
Assessment of pain
Assessment of pain depends on level of consciousness and degree of cooperation. In patients who are awake and able to communicate, pain and
sedation are best assessed by a good history and physical examination
[41]. Multiple objective scales have been developed to measure the severity
and nature of pain. These scales can be further broken down into unidimensional and multidimensional scales. Unidimensional scales are the simplest
and most widely used. They measure only the intensity of pain. The two
most common scales are the visual analog scale (VAS) and the numeric rating scale (NRS). The VAS consists of a straight line with the words ‘‘no pain
at all’’ written on one end and the words ‘‘the worst pain’’ written at the other
end. Patients indicate their level of pain by placing a mark along the scale.
Measurement improves when a standard 10 cm line is used. The VAS is
most useful when it tracks the changing pattern of a patient’s pain, and
less useful for comparing the level of pain between diﬀerent patients [10].
The NRS is a numerical scale to evaluate the level of pain. The most
commonly used scale is between zero and 100. Zero represents no pain and
100 represents the worst pain imaginable. With all these scales, patient
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self-reporting is the most reliable indication of the existence and the intensity of pain [42].
There are a variety of multidimensional scales. However, these scales are
most useful in evaluating chronic pain and have limited use in the management of perioperative pain [43–45].
Balanced perioperative analgesia
The concept of balanced analgesia implies that pain is treated with the
least amount of the most speciﬁc drug necessary. Balanced analgesia treats
all aspects of the pain axis, including stimulation, modulation, inﬂammation, and psychology with a combination of drugs and therapies each aimed
at creating a synergistic pain-control regimen.
Balanced analgesia begins before the onset of stimuli with the preoperative interview. This interview is critical to the notion of balanced analgesia
and eﬀective pain control. Careful interrogation regarding baseline pain,
previous painful stimuli, and treatment methods, both eﬀective and failed,
guides both the choice and application of analgesia while also comforting
the patient. This preoperative interview can rate discomfort and separate
pain from anxiety while providing careful assessment of the emotional lability of the patient. In the preoperative setting, a careful explanation of the
details of the anesthetic and pain-control strategy combined with medication before the beginning of surgery reduces anxiety and modulates pain
perception. The interview sets the stage for attenuation of pain and identiﬁes
emotionally labile individuals who may beneﬁt from modiﬁcations in the anesthetic technique and perioperative pain-treatment regimen.
After the preoperative interview, preemptive medication also is essential
to attenuate the pain response. Preoperative sedation helps to achieve a state
of conscious sedation and amnesia. The sedation allows the patient to cooperate without fear or anxiety. Short-acting drugs with anxiolytic and amnesic properties, such as midazolam, can be used because they have proven
beneﬁts with limited hemodynamic eﬀects and a good safety proﬁle. Preoperative opiates and anxiolytics can reduce intraoperative anesthesia and
postoperative analgesia requirements. Attention to preemptive pain control
reduces central sensitization, hyperexcitability, and inﬂammation [46]. Eﬀective preoperative analgesia with a combination of agents reduces perioperative morbidity, shortens hospital stays, and improves patient satisfaction
[17,47–49].
Continuous epidural catheters are another useful adjunct to traditional
pain control. They are most appropriate in orthopedic, abdominal, and thoracic procedures and in the treatment of blunt chest injury. When placed
before induction of anesthesia, continuous epidural analgesia reduces
intraoperative and postoperative anesthetic requirements [50–54]. In addition, epidural analgesia reduces ileus and postoperative nausea and vomiting. In appropriate circumstances, continuous epidural analgesia with
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local anesthetic, opioids, or clonidine will attenuate the perioperative neuroendocrine response. Single-dose neuraxial anesthetics will reduce the incidence of postoperative pulmonary complications, myocardial infarction,
and thromboembolism [51,52,54,55].
Early and continuous attention to analgesia incorporating a combination
of techniques and drugs is essential. Insuﬃcient analgesia at any point in the
perioperative period, even for a short time, will predispose the patient to
sensitization, inﬂammation, and chronic pain at levels similar to those
seen with long-term untreated pain [6,56].
Pain assessment is mandatory. While assessment is relatively easy in the
patient who is awake, oriented, and able to communicate, many postoperative patients are unable to accurately assess and communicate their level of
pain. Careful monitoring of vital signs, levels of agitation, and other clues
allows proper titration of analgesia. Patients who are in pain may show objective signs such as tachypnea, tachycardia, and sweating similar to the
signs of hypovolemia. A careful assessment should allow appropriate management of both pain and volume status [5,6,27,41].
A balanced analgesia approach should continue into the postoperative
period. Sedation does not provide proper analgesia and should not be
used as a substitute for adequate analgesia. This rule is sometimes forgotten
in the ICU where sedated patients in pain are often undertreated behind the
cover of sedation. Aberrant vital signs, increased oxygen consumption, tissue injury, and a perpetuation of the pro-stress, pro-inﬂammatory milieu are
all consequences of pain when undertreated, even if it is masked by sedation
[4,11,48,54,55,57].
Opiates are the mainstay of a postoperative analgesic program. As a general rule, the intravenous route is the most accurate method of opiate administration. Whenever possible, we prefer to administer opioids using
patient-controlled analgesia. This improves patient satisfaction, reduces patient anxiety, and provides more eﬀective analgesia when compared with
standard nurse-provided intravenous administration [58–62]. However, no
evidence shows that postoperative cardiac pulmonary or thromboembolic
complications are reduced with patient-controlled anesthesia compared
with intermittent opioid administration. NSAIDs should be used with the
opioids if possible. The concomitant use of NSAIDs with opioids provides
moderate analgesia and has an opioid-sparing eﬀect.
A recent development in perioperative pain control is the use of continuous regional infusions of local anesthetic. These infusions are administered
through small catheters, which are placed directly into the surgical wound at
the time of surgery. Small infusion pumps are ﬁlled with local anesthetic
(usually bupivacaine), which is infused at a continuous rate directly into
the wound site. At the end of the acute pain period the catheter is removed
by the patient or in the doctor’s oﬃce.
A number of studies have shown the eﬃcacy and safety of these new devices. One study conducted on 80 patients who underwent inguinal hernia
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repair showed that use of a continuous bupivacaine pump was closely associated with reduced time in the recovery room, reduced worst-pain score on
postoperative day 1, and higher patient satisfaction. No diﬀerences in pain
score were seen from days 2 to 5. Additionally, there was no diﬀerence in
narcotic analgesia use between the group that used the pumps and the group
that did not. Another recent double-blind study of 52 patients undergoing
open hernia repair showed a statistically signiﬁcant decrease in VAS-scored
pain and daily narcotic use for patients using the continuous bupivacaine
pump. One additional study of patients undergoing median sternotomy
for cardiac surgery showed a signiﬁcant decrease in VAS pain score and
higher patient satisfaction among pump users. This study showed no diﬀerence in patient-controlled morphine use between the group that used the
pump and the group that did not [63,64]. Meanwhile, patients using the
pump required less time before ambulation and experienced shorter hospital
stays than patients not equipped with the pump [65]. None of the studies reported catheter related complications. The use of direct-wound anesthetic
infusion seems to provide a useful adjunct to opioid and nonopioid analgesia in the postoperative setting.
The most recent Practice Guidelines for Acute Pain Management in the
Perioperative Setting were published in 2004 and provide additional evidence-based recommendations from the American Society of Anesthesiologists Task Force on Acute Pain Management [66]. The US Department of
Veterans Aﬀairs oﬀers Clinical Practice Guidelines for the Management
of Postoperative Pain [67]. These guidelines include useful and practical
treatment algorithms.
Summary
Balanced analgesia employs diﬀerent drugs in a complementary fashion
to target diﬀerent points in the aﬀerent and eﬀerent pain pathway. Eﬀective
perioperative analgesia is an important responsibility of the surgical team,
which includes the surgeon, anesthesiologist, nursing staﬀ, patient, and the
family. Careful attention to perioperative analgesia improves the patient
experience, resulting in a higher quality of care.
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Americans over age 65 represent the fastest growing segment of the United
States population [1]. As a result, the demographic landscape of America is
changing. Knowledge of aged physiology is necessary to construct a risk–
beneﬁt analysis tailored for each patient to improve perioperative outcomes
and lower the morbidity and mortality rates among the elderly. Beneﬁt
estimates should account for a patient’s life expectancy and quality of life
before and after surgery. Pain control, postoperative cognitive dysfunction,
end-of-life issues, and realistic expectations after surgery are paramount
issues throughout the perioperative period.

Preoperative assessment
With aging, baseline functions of almost every organ system undergo
progressive decline resulting in a decreased physiologic reserve and ability
to compensate for stress. Coexisting disease has more impact on morbidity
and mortality than age alone in the geriatric population [2]. An elderly
patient has increased risk of morbidity and mortality if the patient:
 has severe systemic disease (American Society of Anethesiologists (ASA)
Class III or IV);
 requires an emergency procedure;
 suﬀers from renal failure;
 has chronic obstructive pulmonary disease;
 has had a recent myocardial infarction or unstable angina;
 has albumin level of !3.5 g/dL;
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 is anemic (Hb !8.0 g/dL);
 has been bedridden; or
 has before the operation required assistance with activities of daily living.
Preoperative workup should begin with basic laboratory screening based
on an individual’s identiﬁed comorbidities.

Cardiovascular physiology
Cardiac disease is the most common comorbid condition in the elderly [3]
as 80% of patients over 80 have identiﬁable cardiovascular disease. Starting in
the third decade, cardiac output and the maximum rate of oxygen use
(VO2max) steadily decline. Congestive heart failure (CHF) is present in
10% of individuals over 65 years of age and is the leading cause of postoperative morbidity and mortality following surgical procedures. Patients with
CHF have an increased rate of stroke, myocardial infarction, and postoperative renal failure. Pre-existing CHF can lead to a twofold to fourfold increase
in postoperative cardiovascular complications, including myocardial infarction, supraventricular tachycardia, hypotension or hypertension, and cardiac
arrest [4].
Age-related changes to the cardiovascular system include stiﬀening of the
vascular wall and increased peripheral vascular resistance. With prolonged
exposure to high afterload, myocyte turnover through apoptosis is accelerated with subsequent hypertrophy of the ventricular myocardium and impaired diastolic ﬁlling. The ventricle remains stiﬀ during passive diastolic
ﬁlling, thus reducing left ventricular end diastolic volume (LVEDV) and cardiac output. The aged heart is less responsive to sympathetic stimulation
and, therefore, relies on increased preload with atrial enlargement to compensate for diastolic dysfunction. A patient who develops atrial ﬁbrillation
loses atrial kick, leading to further reduced LVEDV and cardiac output.
Fatty inﬁltration and ﬁbrosis of the myocardium increases the incidence
of conduction abnormalities [5]. These changes underscore the importance
of maintaining the cardiovascular system in a nonstressed, normotensive sinus rhythm during surgical procedures in elderly patients.
Estimation of cardiac reserve can be diﬃcult because most elderly patients
with cardiac dysfunction are compensated and will only show signs of disease
when stressed [4]. Cardiac assessment usually begins with an ECG. However,
75% of patients over 70 years of age have some abnormality on their baseline
ECG, which ironically has not been shown to predict outcomes. Arrhythmias, however, have been shown to increase postoperative cardiac morbidity
in elderly patients. Atrial ﬁbrillation is the most common arrhythmia (10%
over 80 years) and accounts for 75,000 thromboembolic events per year [6].
Provocative testing with thallium scans, dobutamine stress tests, or echocardiography should follow guidelines of the American College of Cardiologists/
American Heart Association [7].
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Pulmonary physiology
Evidence of age-related changes in the pulmonary system include a loss of
elastic recoil of the lung and impaired chest wall movement caused by muscle atrophy, joint stiﬀening, and skeletal changes. Impaired elasticity causes
air trapping and ventilation-perfusion (V/Q) mismatching leading to decreased oxygen transfer [8]. Oxygenation is further impaired by the closure
of an increasing number of small airways and decreased surface area for gas
exchange. Vital capacity decreases with age, reﬂecting an increase in dead
space ventilation. The forced expiratory volume in 1 second (FEV1) also
progressively declines. The respiratory changes associated with aging cumulatively limit the maximal breathing capacity by age 70% to 50% of that at
age 30 [9]. Ciliary function and cough are also reduced, decreasing the clearance of secretions postoperatively and leading to an increased risk for aspiration and pneumonia [10].
Preoperative pulmonary assessment in the elderly should focus on identifying patients with limited pulmonary reserve and maximizing performance
status. Smoking cessation can reduce surgical risk in as little as 6 weeks
[11]. In patients over 70 years of age, the number of stairs a patient can climb
before the operation is inversely proportional to cardiopulmonary complication rates after the operation [12]. Achieving an exercise capacity of just 2
minutes with a heart rate of 99 beats per minute can lower an elderly patient’s
complication rate from 42% to 9% and mortality rate from 7% to 1% [13]. A
structured pulmonary rehabilitation program can improve 6-minute walk
distances, dyspnea, and patient perceived pulmonary function. Improvement
from pulmonary rehabilitation allows a quicker and more persistent return to
activity.
Splinting from inadequate pain control restricts lung expansion, limits
cough to clear secretions, and leads to an increased risk for atelectasis, pneumonia, and hypoxia. The functional residual capacity (FRC) can be suppressed up to 70% from baseline and remain severely suppressed for as
long as 7 days postoperatively [14]. To reduce the likelihood of pulmonary
complications, an aggressive pulmonary toilet regimen of coughing, deep
breathing, and early ambulation should be implemented immediately after
surgery. Preoperative education regarding the need for pulmonary toilet
and incentive spirometry is of paramount importance in elderly patients.

Renal physiology
Age-related changes in the renal system are characterized by a progressive
reduction in renal mass and creatinine clearance. Glomerulosclerosis results
in a decline in renal plasma ﬂow (RPF) and in glomerular ﬁltration rate
(GFR) [9]. Additionally, age-related decline in cardiac output also causes
the RPF and the GFR to decline. Patients with an impaired GFR are
more susceptible to volume overload in the perioperative period as well as
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accumulation of metabolic substances and drugs that rely on renal clearance
for excretion [3]. Slowed drug elimination can lead to prolonged sedative effects of anesthetic and narcotic medication and drug-induced acute renal
dysfunction following administration of nonsteroidal anti-inﬂammatory
medications, diuretics, and antibiotics [9]. Impaired renal sodium conservation can lead to electrolyte imbalances, which could aﬀect cardiac conduction and lead to arrhythmias. The plasma creatinine may measure low
because of reduced skeletal muscle mass. However, the calculated creatinine
clearance remains the most sensitive marker of renal function in the elderly.

Nutrition
Risk factors associated with nutritional deﬁciency among elderly patients
have been documented [15]. Low weight is the most signiﬁcant factor. Other
factors include:







poverty
alcohol abuse
deterioration in physical and cognitive function
change in the number or type of medications
recent hospitalization or surgery
micturition dysfunction

Although history and physical examination are as eﬀective as any biochemical marker in assessing nutrition [16], low preoperative albumin correlates directly with mortality. Mortality was !1% for albumin levels above
46 g/L and rose to 29% for levels !21 g/L in one large study [17]. The Mini
Nutritional Assessment and Subjective Global Assessment also predicts
mortality in geriatric patients [18].

Anesthesia
The physiologic changes seen in the elderly and their eﬀects on drug bioavailability and side eﬀect proﬁles can deﬁne the type and dose of agent used
for anesthesia in the elderly patient. A decrease in total body water seen with
aging leads to higher peak drug concentrations following bolus or rapid
infusion. A relative reduction in perfusion to organs such as the liver and
kidneys can prolong a drug’s duration of action by slowing metabolism
and excretion [19]. Most anesthetic drugs have some degree of cardiac depressant activity, necessitating a reduced dose in the elderly. In a patient
with congestive heart failure, using benzodiazepines or opioids that have
minimal eﬀects on cardiac contractility and heart rate can reduce the likelihood of hypotension or arrhythmia at induction [20,21]. For patients with
minimal cardiac functional reserve, tachycardia has deleterious eﬀects.
Avoiding such drugs as pancuronium, which induce tachycardia, can help
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avoid cardiac ischemia [22]. Epidural anesthesia decreases perioperative
cardiac stress and decreases tachycardia-induced cardiac ischemia [23].

Pain control
Better analgesic techniques for the elderly need to be discovered [24]. Elderly often communicate less pain because of cognitive impairment or fear
of being a ‘‘bad patient.’’ Physicians may perceive this as evidence that elderly feel less pain than younger patients. In fact, up to 45% of patients
may feel their pain is undertreated while hospitalized [25]. Scheduled dosing
invariably leads to inadequate pain control or overdosing.
Inadequate pain control can increase morbidity and mortality in the elderly, perhaps because of the increased incidence of ischemic heart disease,
decreased ventilatory reserve, and altered drug metabolism, response, and
excretion [24]. For acute postoperative pain, intravenous morphine titration
using the same protocol for elderly (O70 years) and younger patients appears safe [26]. Two milligrams (weight !60 kg) or 3 mg (weight O60 kg)
of intravenous morphine every 5 minutes for a visual analog score of greater
than 30 has been shown to provide adequate pain control in the immediate
postoperative period. No diﬀerence appears in morphine-related adverse effects (nausea, vomiting, respiratory depression, urinary retention, pruritus,
and allergy) or sedation incidence [26].
Several days after a major operation, however, elderly patients require
less opioid than do younger cohorts. In a prospective patient-controlled analgesia (PCA) study of patients undergoing elective major surgery, 44 older
patients (67 G 8 years) self-administered less opioid than 45 younger (39 G
9 years) patients [27]. In patients with a declining mental status, however,
PCA use is not recommended. Compared with PCA involving intravenous
opioids, patient-controlled epidural analgesia (PCEA) may be more eﬀective
in relieving pain at rest or after coughing in the elderly. The epidural route is
also associated with earlier improved mental status and bowel activity [28].

Postoperative delirium and cognitive assessment
Postoperative cognitive impairment can be classiﬁed as postoperative
delirium (PD) or postoperative neurocognitive disorder (POCD). PD is characterized by ﬂuctuating levels of consciousness and temporary abnormalities
in memory and perception. POCD is a condition with a variable time course
characterized by impaired concentration, language comprehension, and social integration. These characteristics can become evident days to weeks after
surgery.
The incidence of PD in the elderly varies widely from 3% to 61%,
depending on the type of surgery [29]. Risk factors for PD include age,
chronic impaired cognitive functioning, physical debilitation, and dementia.
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Independent precipitating factors for delirium include use of physical restraints, malnutrition, addition of more than three medications, and use
of a bladder catheter [30]. Perioperative factors associated with PD include
intraoperative blood loss, postoperative hematocrit !30%, electrolyte abnormalities, and sepsis [31]. Perioperative hypoxemia, hypotension, and general anesthesia itself have not been shown to increase PD [32]. Treatment of
PD should focus on identifying organic causes, including electrolyte abnormalities, hypoxemia, pain, sepsis, dehydration, and malnutrition. Protocols
that provide cognitive stimulation, facilitate adequate sleep, promote early
mobilization, and reduce sensory deﬁcit lower the incidence of PD [33].
POCD diﬀers from PD in that the memory loss, slower central processing
time, and changes resulting in decreased ability to learn new information do
not ﬂuctuate and may last months to years. The incidence of POCD in elderly patients is diﬃcult to determine because methods for diagnosis are unreliable. Factors that increase the risk for POCD include advanced age,
extended duration of anesthesia, lack of education, a second operation,
postoperative infection, and respiratory complications. Hypoxemia and hypotension are not associated with cognitive decline [32].
Quality-of-life and end-of-life issues
Most patients would rather maintain an independent lifestyle rather than
gain a few months of life in a debilitated state. When weighing the risks and
beneﬁts for an elderly patient, a surgeon must consider the predicted life expectancy of the patient and quality of life after intervention. Unfortunately,
literature concerning surgery in the elderly is often based on cases with an
inherent selection bias for the healthiest patients.
The patient should be aware of the speciﬁc risks involved based on age
and comorbidities, and the potential need for rehabilitation services or nursing home care after the operation. The average hospital stay for patients
over 70 years old is from 7 to 12 days. Although 90% to 95% of elderly patients return to their preoperative lifestyle, 5% to 7% of patients need some
form of long-term care assistance [34].
Death and dying discussions facilitate the transition from life-saving
treatment to palliative care. Patients should be encouraged to take control
of end-of-life decisions by outlining their care. Physicians, on the other
hand, must resist proceeding with invasive and heroic measures late in the
disease course. Candid discussions preoperatively between patient, physician, and family can help preserve patient autonomy in medical decisions.
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Optimal perioperative care of the immunocompromised patient requires
an understanding of the consequences of disease-speciﬁc pharmacologic
therapies. The toxicity proﬁle of these therapies can strongly inﬂuence the
decision algorithms for delivering care in the perioperative period. In this
manuscript, the authors describe the potential eﬀects of drugs commonly
used for treatment of patients with cancer, HIV, or transplanted organs,
and impact of these drugs on the care of these patients in the perioperative
setting.

Cancer
Most antineoplastic drugs are antiproliferative agents and do not diﬀerentiate malignant cells from normal cells [1,2]. Tumor selectivity depends on
kinetic diﬀerences between cancer cells and normal cells. Antineoplastic
agents can be divided into three groups: cell-cycle-nonspeciﬁc agents, cellcycle-speciﬁc/phase-nonspeciﬁc agents, and cell-cycle-speciﬁc/phase-speciﬁc
agents. Cell-cycle-nonspeciﬁc agents, such as alkylating agents, are toxic
to both dividing and quiescent (cell-cycle phase G0) cells. Cell-cyclespeciﬁc/phase-nonspeciﬁc agents, such as anthracyclines and mitoxantrone,
kill dividing cells regardless of the cells’ phase. Cell-cycle-speciﬁc/phasespeciﬁc agents, such as antimetabolites, epipodophyllotoxins, vinca alkaloids, and bleomycin, kill dividing cells at speciﬁc phases of the cell cycle.
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Chemotherapy drugs are most cytotoxic for rapidly proliferating tissues.
That is, the drugs will have a greater eﬀect on cell populations with large
percentage of cycling cells, as compared to cell populations with a large percentage of cells in the G0 (resting) phase. Most acute side eﬀects of chemotherapy occur in areas of the body where cell turnover is rapid. These
include, for example, the gastrointestinal mucosa, the Sertoli cells of the testis, the hair follicles, and the replicating elements in the bone marrow. Drug
doses and schedules of administration must be based on the speciﬁc mechanism of action and clinical pharmacology of each drug and on the time required for normal tissues to recover from their associated acute toxicities.
Concomitant medical problems or polypharmacy may exacerbate toxicities. Medical conditions that interfere with the metabolism or excretion
of chemotherapeutic agents may increase their toxicity greatly. Because
the liver may metabolize chemotherapeutic drugs, patients with liver or biliary dysfunction are more likely to experience severe toxic eﬀects. Similarly,
drug metabolism that is renal-dependent will induce toxicity in the presence
of kidney pathology.
Drug interactions may also play a role. Salicylates displace methotrexate
from its binding sites on albumin to increase its toxicity. 6-Mercaptopurine
is metabolized by xanthine oxidase and concurrent administration of the
xanthine oxidase inhibitor allopurinol can increase its toxicity greatly. Chemotherapeutic agents can synergize with X rays and ultraviolet light. A reaction characterized by skin erythema and inﬂammation may be seen with
doxorubicin or dactinomycin shortly after a course of radiotherapy. Usually, this inﬂammation is limited to the site of irradiation. Several agents,
notably 5-ﬂuorouracil (5-FU) and methotrexate, may act as photosensitizers, increasing susceptibility to inﬂammation and sunlight-induced damage. Finally, idiosyncratic or allergic reactions may occur with a variety
of chemotherapeutic agents. Anaphylaxis has been known to occur in response to the administration of bleomycin, L-asparaginase, and paclitaxel.
Cardiotoxicity
Doxorubicin and daunorubicin are chemotherapeutic agents sometimes
associated with cardiac injury. Acute eﬀects on the heart are manifested
by electrocardiographic (ECG) abnormalities and are seen in up to 41%
of patients receiving the drug. These ECG changes, such as nonspeciﬁc
ST-T wave changes, sinus tachycardia, premature ventricular and atrial contractions, and low-voltage QRS complexes, are more common in patients
who previously have had an abnormal ECG. In the setting of toxicity, mortality is as high as 61%.
The total dose of doxorubicin is the most signiﬁcant risk factor for cardiomyopathy. Others include the schedule of drug administration, age, preexisting cardiac disease, prior mediastinal or left chest radiotherapy, and
concurrent therapy with cytotoxic drugs. Tachycardia may be the ﬁrst
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sign of doxorubicin toxicity. Aﬀected patients present with symptoms of
congestive heart failure, shortness of breath, or nonproductive cough. Pathologic ﬁndings are nonspeciﬁc and no morphologic evidence is predictive of
doxorubicin-induced heart failure. Cardiomyopathy can be prevented in
most aﬀected patients by limiting the dose of doxorubicin.
Pulmonary toxicity
Several chemotherapeutic agents aﬀect the lung, but pulmonary toxicity
is most common with bleomycin. The end result is pulmonary ﬁbrosis. Early
preclinical studies of bleomycin indicated that it is concentrated preferentially
in squamous tissues, particularly the lung and skin. A dry, hacking cough
and dyspnea on exertion characterize bleomycin-mediated pulmonary
toxicity. Symptoms may develop during the course of drug therapy or 1 to
3 months after the end of treatment. The early ﬁndings on physical examination are bibasilar rales, rhonchi, or a pleural friction rub. The radiographic
manifestations are ﬁne, reticular, bibasilar inﬁltrates that may progress to
alveolar and interstitial inﬁltrates, progressive involvement of the lower
lobe, and lung consolidation. On blood gas analysis, oxygen and bicarbonate concentrations usually are low. Serial pulmonary function tests should
be performed in all patients receiving bleomycin. Bleomycin-induced lung
toxicity is dose-related, increasing signiﬁcantly at doses greater than 500 units.
Risk factors include advanced age, preexisting lung disease, and previous radiotherapy. Several other chemotherapeutic agents have been cited as pulmonary toxins, including cyclophosphamide, procarbazine, melphalan,
methotrexate, mitomycin C, and carmustine (BCNU).
Hepatotoxicity
Several chemotherapeutic agents may be hepatotoxic. Eﬀects may manifest as a transient elevation in enzymes, while severe damage might result in
permanent cirrhosis. The nitrosourea compounds (eg, BCNU, lomustine
(CCNU), streptozocin) can cause mild elevations in serum transaminases,
alkaline phosphatase, and bilirubin. These levels generally normalize once
administration of the oﬀending agent is discontinued. The antimetabolite
methotrexate, a dihydrofolate reductase inhibitor, also is associated with
liver dysfunction, often causing elevations in aspartate aminotransferase
and lactate dehydrogenase. Hepatic ﬁbrosis may resolve once treatment is
discontinued. However, cirrhosis will not resolve. Azathioprine and 6-mercaptopurine are associated with intrahepatic cholestasis and parenchymal
cell necrosis. Liver enzyme levels can be elevated also by the administration
of cytosine arabinoside. The hepatotoxic eﬀects of L-asparaginase, a drug
used frequently with acute lymphoblastic leukemia, include fatty changes,
decreased serum proteins and coagulation factors, and elevations in liver enzymes. Administration of ﬂoxuridine by hepatic artery infusion has been associated with signiﬁcant hepatotoxicity and biliary injury.
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Genitourinary toxicity
Chemotherapeutic agents that cause major renal toxicity include cisplatin, methotrexate, and streptozocin. Toxicity depends on the dose of
an agent used and the schedule of administration. Cisplatin toxicity may
be potentiated by preexisting renal disease or by the concurrent use of other
nephrotoxic agents, such as the aminoglycoside antibiotics. Cisplatin toxicity may be avoided by aggressive hydration with normal saline or mannitol.
High-dose methotrexate may cause acute renal failure, although this complication can be avoided through the use of hydration and alkalinization
schemes. Cyclophosphamide and ifosfamide have been associated with hemorrhagic cystitis as the result of toxic metabolites in the urine. Hemorrhagic
cystitis may be avoided with adequate hydration. Symptoms of cystitis include urgency, frequency, dysuria, and a mild microscopic hematuria. Usually, the cystitis is self-limiting, resolving within 2 to 6 weeks after use of the
drug is stopped. Severe hemorrhagic cystitis may require cystoscopy with
clot removal, fulguration of discrete bleeding sites, and instillation of such
sclerosing agents as formalin. The use of mesna, a synthetic sulfhydryl, reduces the incidence of this complication after the administration of highdose cyclophosphamide or ifosfamide.
Neurotoxicity
Chemotherapeutic agents have been associated with various neurologic
toxicities. Best described is the toxicity related to the vinca alkaloids, particularly vincristine. Vincristine is unique among the antineoplastic agents in
that its neurotoxicity is commonly dose-limiting. Early manifestations include distal paresthesias and the loss of deep tendon reﬂexes. Cranial nerve
palsy, autonomic neuropathy, and the syndrome of inappropriate antidiuretic hormone secretion are seen with high cumulative doses of vincristine.
Toxicity is usually symmetric, dose-related, and reversible. Peak dose levels
correlate best with toxicity. Cisplatin and carboplatin produce a symmetric
sensory neuropathy, particularly at high cumulative doses. Other evidence
of neurologic toxicity from cisplatin includes tinnitus and hearing loss, especially in the high-frequency range. 5-FU induces cerebellar ataxia, while
L-asparaginase is associated with lethargy, confusion, and disorientation.
The use of high-dose or intrathecal methotrexate, especially in combination
with cranial irradiation, may cause progressive encephalopathy. Paclitaxel
induces a symmetric polyneuropathy that is dose-dependent and enhanced
by cisplatin.
Emesis is coordinated by receptors in the gastrointestinal tract and the
central nervous system. Vagus nerve aﬀerents connect to the ‘‘vomiting center’’ in the medulla. The identiﬁcation of speciﬁc receptor antagonists has
allowed more eﬀective drugs to be developed to treat chemotherapy-induced
nausea and vomiting. Anticipatory nausea and vomiting is a conditioned
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response usually found in patients with poor emetic control after initial chemotherapy. Such patients may begin to experience symptoms following triggers, such as entering the hospital. Anticipatory nausea and vomiting may
exacerbate postoperative nausea and vomiting. Maximizing the antiemetic
regimen during the ﬁrst course of chemotherapy can prevent this complication. Once established, anticipatory emesis may be treated by desensitization, hypnosis, or relaxation techniques. Delayed emesis, which
contributes to morbidity by interfering with nutrition and hydration, is encountered most often following high-dose chemotherapy. Symptoms are
noted 48 hours after chemotherapy administration, but may occur up to 5
days later. Eﬀective treatment includes oral dexamethasone plus oral metoclopramide or a phenothiazine.
Myelosuppression
Bone marrow suppression is a toxic eﬀect of many chemotherapeutic
agents and typically is the dose-limiting factor. Death occurring after chemotherapy usually results either from infection related to drug-induced leukopenia or from bleeding secondary to thrombocytopenia. The onset of
myelosuppression varies among drugs. For example, cell-cycle-speciﬁc chemotherapeutic agents aﬀect the rapidly proliferating pool of blood precursors in the marrow (from myeloblasts to promyelocytes). Destruction of
this cohort of myeloid precursors leads to a predictable decrease in the peripheral white blood-cell count at approximately 10 to 14 days after the drug
is administered, after which the white count rapidly returns to normal. Other
chemotherapeutic agents aﬀect stem cells, leading to myelosuppression and
a delay in the recovery of normal blood counts. In most cases, myelosuppression is relatively short-lived (3–5 days) and is self-limited.
Infection is a frequent problem associated with leukopenia. As evidence,
the most common cause of chemotherapy-related death in neutropenic patients is sepsis. The usual clinical manifestations of infection (eg, erythema,
pain, pulmonary inﬁltrates, pyuria) are absent in patients with neutropenia.
The hallmark of infection in neutropenic patients is fever. If the absolute
neutrophil count is 500 to 1000/mm3, indicating neutropenia, broad-spectrum antibiotics should be given emergently. The Infectious Disease Society
of America developed guidelines for the use of antimicrobial agents to treat
neutropenic patients with cancer, and includes recommendations for monotherapy and combination therapy [3]. On occasion, infection may develop
without fever. In such patients, the sudden onset of weakness, hypotension,
or confusion may suggest the diagnosis. Initial infections in the neutropenic
patient are typically bacterial and involve such gram-positive organisms as
Staphylococcus aureus and such gram-negative organisms as Pseudomonas
aeruginosa, Escherichia coli, Klebsiella, and Serratia species. Often, the
source of the infecting organism is previous colonization. Common sites
of infection include the skin, oropharynx, lungs, gastrointestinal and
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genitourinary tracts, and blood stream. Particular sites may be at higher risk
for infection, owing to the speciﬁc malignancy or anticancer therapy (eg, an
obstructive bronchial lesion, radiation-induced esophagitis).
In febrile neutropenic patients, the routine use of such recombinant
colony-stimulating factors as granulocyte colony-stimulating factor (GCSF) or granulocyte-macrophage colony-stimulating factor (GM-CSF)
with antibiotics has not been proven to confer added beneﬁt. Current guidelines suggest using growth factors only in patients at high risk for complications from sepsis. Although bacterial infections may be controlled by prompt
administration of antibiotics, treating fungal and viral infections in neutropenic patients is much more diﬃcult. Fungal pathogens may include
Candida, Aspergillus, and Mucor species, among others. Patients who are
neutropenic and remain persistently febrile despite adequate antibiotic treatment may beneﬁt from a trial of empiric therapy with the antifungal drugs.
Neutropenia and its subsequent infectious complications represent the
most common dose-limiting toxicity of cancer chemotherapy. Febrile neutropenia occurs with common chemotherapy regimens in 25% to 40% of
treatment-naı̈ve patients, and may result in subsequent chemotherapy delays
or dose reductions.
The American Society of Clinical Oncology (ASCO) guidelines [4] recommend the use of G-CSF as primary prophylaxis (ﬁrst-cycle use) in patients
with R40% risk of febrile neutropenia. These patients may include elderly
and other high-risk patients. Clinical trials to date have not demonstrated
a signiﬁcant eﬀect on overall survival or disease-free survival, but have demonstrated clinically the beneﬁts of delivering planned chemotherapy doses
on schedule, an important clinical goal, especially in curative tumor settings.
In March 2005, the National Comprehensive Cancer Network (NCCN)
issued new guidelines advocating the use of CSF to prevent febrile neutropenia in patients with a 20% risk of developing the condition [5]. The panel
also recommended that physicians consider CSFs when the risk of febrile
neutropenia is between 10% and 20%. The guidelines do not recommend
the drugs for patients at a less than 10% risk of febrile neutropenia.
Cutaneous toxicity
A cutaneous complication is the local inﬁltration of a vesicant drug that
may cause severe tissue inﬂammation and necrosis. The major drugs associated with such reactions include doxorubicin, daunorubicin, dactinomycin,
mitomycin C, BCNU, dacarbazine (DTIC), nitrogen mustard, vincristine,
vinblastine, and vinorelbine. Managing skin ulceration and inﬂammation
that result from drug extravasation can be extremely diﬃcult. The necrotic
process may persist over several months, and excision with skin grafting
may be necessary. Speciﬁc antidotes have been deﬁned for some of the
drugs, and the appropriate agent should be injected promptly into the
site. The routine use of steroids in this setting is not recommended. Central
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venous catheters and subcutaneous infusion ports markedly reduce the risk
for extravasation.
HIV
Morbidity and mortality from HIV have been reduced with the introduction of highly active antiretroviral therapy (HAART) [6–11]. More
HIV-positive patients require surgical procedures because of their increased
survival rate. HAART regimens are comprised of three antiretroviral drugs
drawn from four classes: nucleoside or nucleotide reverse transcriptase inhibitors (NRTIs and NtRTIs, respectively), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors, and fusion inhibitors.
Mitochondrial toxicity
Toxicities associated with NRTIs and NtRTIs result from impaired synthesis of mitochondrial enzymes that generate adenosine triphosphate
(ATP) [6,7]. This is manifested by elevated plasma lactate with or without
acidosis. Risk factors for lactic acidemia include type and duration of
RTI therapy, pregnancy (NRTI hepatic steatosis), and concomitant therapy
with ribavirin (for hepatitis C) or hydroxyurea. The main mitochondrial
toxicities are hepatic steatosis, peripheral neuropathy, peripheral lipoatrophy, pancreatitis, cardiomyopathy, proximal myopathy, renal tubular acidosis, and neonatal encephalopathy. Osteopenia is also possible. Of these
toxicities, hepatic steatosis and pancreatitis are the most severe, and are associated with higher lactate levels. Severity of illness correlates with lactate
levels. Mortality is about 80% in patients with lactate O10 mM. Lactate
levels normalize about three months after NRTI cessation. The clinical illness can take longer to resolve.
Lipodystrophy
Lipodystrophy is characterized by lipoatrophy of the face, limbs, and buttocks with central fat accumulation (within the abdomen and breasts, and over
the dorsocervical spine) and is seen in patients being treated with NRTIs
and protease inhibitors, particularly when given in combination. Metabolic
features include hypertriglyceridemia, hypercholesterolemia, low high-density
lipoprotein cholesterol, insulin resistance (elevated C-peptide and insulin),
lactic acidemia, and elevated hepatic transaminases. Protease inhibitor
therapy has been linked mainly to insulin resistance and hypercholesterolemia. Meanwhile, nucleoside analogs have been linked to lactic acidemia.
Hypersensitivity
Drug hypersensitivity in HIV-infected patients typically manifests as an
erythematous, maculopapular, pruritic, and conﬂuent rash after 1 to 3 weeks

1274

DESAI & KUO

of therapy and is approximately 100 times more common than in the general
population. All NNRTIs, the NRTI abacavir, and the protease inhibitor
amprenavir, are common causes.
Liver dysfunction
All antiretroviral drugs are associated with liver dysfunction. Antiretroviral-mediated liver dysfunction does not necessarily require cessation of
therapy, as it might be asymptomatic, minimally symptomatic, or transient.
Also, nondrug factors, such as opportunistic infections and alcohol abuse,
might coexist. Isolated biochemical hepatitis, with or without clinical hepatitis, can occur weeks to more than 6 months after initiation of protease inhibitors or NNRTIs. Risk factors are chronic hepatitis B virus (HBV)
infection (speciﬁcally, hepatitis B presurface antigen (HbsAg), hepatitis
B e antigen (HbeAg) or HBV DNA-positive), hepatitis C infection
(HCV), and elevated transaminases pretherapy. Each of these factors is associated with a threefold to eightfold risk. Levels of transaminases are generally substantially higher than those seen in patients with NRTI-associated
hepatic steatosis. Most adverse reactions improve despite continuation of
the responsible drug. The discontinuation of drug therapy should be reserved for patients with clinically progressive or persistent hepatitis, or for
those with hepatic synthetic dysfunction.
Immunological recovery with any antiretroviral therapy can be associated with a clinical ﬂare of a previously latent infection. This recovery stems
from better immune recognition of low-level pathogens in which the immune response, rather than the pathogen itself, is partly or entirely the cause
of the illness. Pathogens associated with immune restoration illnesses include hepatitis B, Mycobacterium avium, cytomegalovirus, cryptococcosis,
varicella and HCV.
Miscellaneous
Fusion inhibitors prevent entry of HIV-1 into target cells [6,7]. The major
adverse eﬀect is an injection-site reaction, characterized by a mixed neutrophilic and eosinophilic inﬁltrate. In addition, a higher incidence of bacterial
pneumonia of unknown cause has been noted while some patients develop
a systemic hypersensitivity reaction. The hypersensitivity manifestations
may include fever, constitutional symptoms, glomerulonephritis, pneumonitis, and Guillain-Barre syndrome.

Organ transplant recipients
The ﬁeld of organ transplantation has undergone tremendous growth
with improved outcomes for all solid-organ transplants. The success of organ transplantation stems from improved patient and disease management,
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surgical techniques, and postoperative care. Also playing an especially important role in that success is the improved and expanded pharmaceutical
armamentarium available to physicians to manage immune suppression
and complications. A better understanding of the immunologic basis for allograft rejection has fostered the development of more speciﬁc agents with
improved safety proﬁles and has led to improvements in the application
of drugs already in use.
Corticosteroids
Corticosteroids were the ﬁrst immunosuppressive medications used in
transplant recipients. Steroids have potent anti-inﬂammatory as well as immunomodulatory properties, and their eﬀects on the immune system are
complex. The ubiquitously expressed glucocorticoid receptor, when bound
by corticosteroids, translocates from the cytoplasm to the nucleus where it
mediates its physiologic eﬀect through modulation of gene transcription.
Corticosteroids modulate the immune system by inhibiting the production
of T cell cytokines, including interleukin-1 (IL-1), IL-2, IL-3, IL-6, tumor
necrosis factor, and gamma interferon. Steroids also exhibit non-speciﬁc effects. For example, steroids redistribute lymphocytes back to lymphoid tissues, inhibit monocyte migration, and block the synthesis or release of
chemokines, permeability factors, and vasodilatory agents [12].
Complications of steroid therapy are numerous and well documented.
Many of these side eﬀects are dose- and chronicity-dependent. In the immediate setting, such as bolus steroid therapy for acute allograft rejection, there
is an increased risk for opportunistic infections, avascular necrosis of the
femoral heads, altered mental status, and glucose intolerance. Glucose homeostasis can be severely disturbed in brittle type I diabetics, such that
the need for continuous insulin infusion is not uncommon.
In the long term, adverse eﬀects of corticosteroid therapy include cosmetic changes, such as Cushingoid facies, acne, and hypertrichosis. Adverse effects can also include medically severe complications, such as impaired
wound healing, dermal atrophy, hypertension, proximal muscle wasting,
cataracts, glaucoma, growth impairment, and osteoporosis [12].
In the perioperative period, wound healing is of critical concern. Glucocorticoids negatively impact wound healing by altering collagen synthesis,
the main structural protein providing tensile strength to wounds. Glucocorticoids inhibit the hydroxylation of proline and lysine residues of the type I
collagen protein, which are required for covalent cross-linking of the individual collagen strands to form the ﬁnal structurally stable collagen triplehelix complex. This eﬀect of glucocorticoids on collagen synthesis can be
partially reversed by the use of supplemental zinc, ascorbic acid, and vitamin A [13]. In addition to the eﬀect of glucocorticoids on collagen synthesis,
steroids also alter the microenvironment of the wounded site. The early
stage of wound healing is characterized by the migration of inﬂammatory
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cells, which ‘‘clean’’ the wound site and release chemokines that mediate ﬁbroblast migration to the injured area initiating the repair process. Glucocorticoids impair this wound healing process by inhibiting inﬂammation,
chemokine production, and thus monocyte and macrophage migration to
the areas of injury.
In addition to its anti-inﬂammatory eﬀects, chronic use of glucocorticoids
may inﬂuence the normal regulatory feedback pathways involved in the production of cortisol. One area of controversy in the management of patients
on chronic corticosteroids is the eﬀect of chronic steroids in suppressing the
hypothalamic-pituitary-adrenal axis (HPA). In cases of an intact HPA axis,
baseline secretion of cortisol increases under situations of stress, such as that
of surgery. Fraser, in 1952, described a patient on chronic steroids who died
postoperatively of intractable hypotension [14]. Postmortem examination
revealed bilateral adrenal atrophy. Thus, it was concluded that adrenal insuﬃciency from chronic steroid use resulted in the patient’s death. This
single case report and other evidence have resulted in the general use of
stress-dose steroids in the perioperative period in patients on long-term
corticosteroids.
In the 50 years since the Fraser report, numerous studies have both supported and refuted evidence that supra-physiologic doses of corticosteroids
are required to prevent adrenal insuﬃciency in the perioperative period. To
assess HPA axis function in patients on chronic steroids undergoing surgery,
Brown and Buie analyzed 11 related studies that met strict criteria in the assessment of physiologic and biochemical parameters [15]. They concluded
that no evidence justiﬁes the use of supra-physiologic doses of steroids in patients undergoing surgery. However, some evidence in case-series reports
show a 1% to 2% incidence of hypotensive crisis in patients on chronic steroids. While case reports are generally considered to have poor scientiﬁc validity, the investigators suggest that, ‘‘because of the risk for mortality from
hypotensive crisis, this evidence cannot be ignored’’. The investigators thus
recommend the use of physiologic doses of hydrocortisone (25–100 mg) at
the time of surgery as the best way to prevent potential hypotensive crisis
while minimizing the deleterious impact of corticosteroids.
Calcineurin inhibitors
The most commonly used and widely known immunosuppressive agents,
cyclosporine and tacrolimus comprise the class of drugs known as calcineurin inhibitors (CNIs), as they inhibit the function of calcineurin, a critical
T cell serine/threonine phosphatase and a central enzyme in the signal transduction cascade resulting in T cell activation. The introduction of cyclosporine in the early 1980s transformed the ﬁeld of transplantation, increasing the
1-year patient survival rates from 30% to over 70% [12].
The side-eﬀect proﬁle for both cyclosporine and tacrolimus are similar but
do not completely overlap. The therapeutic proﬁle for calcineurin inhibitors

1277

IMMUNOCOMPROMISED HOST

is relatively narrow and dosing is based on therapeutic drug monitoring of
trough whole blood levels. Target drug levels are predicated by the type of
transplanted organ, its level of function and the time since transplant. Calcineurin inhibitors are absorbed throughout the gastrointestinal tract, although the greatest absorption occurs in the stomach, duodenum, and
proximal jejunum. CNI absorption in the gastrointestinal tract is highly variable among individual patients and any procedure or disease process that affects gastrointestinal motility and absorption will impact CNI blood levels.
Abdominal surgery, which can result in an ileus as well as altered gastrointestinal absorption because of bacterial overgrowth or other factors aﬀecting
the mucosal lining of the intestinal tract, will alter calcineurin absorption
and drug levels [16]. There are intravenous formulations of CNIs. However,
these formulations should be used only as a last resort, as they need to be administered as a continuous infusion and at one tenth the dose of the oral
agent. The intravenous formulations can result in severe toxicity and should
only be prescribed by physicians who routinely manage transplant recipients.
Thus CNIs should be administered enterally under most circumstances; however, regardless of the route of administration in the perioperative period,
CNI levels should be monitored on a daily basis and adjusted accordingly.
The metabolism of CNIs is through the microsomal cytochrome P450
system of the liver and intestine. Cyclosporine and tacrolimus are both excreted in the bile with no renal excretion. Thus, no dose adjustments need to
be made in the setting of renal dysfunction. However, hepatic dysfunction
and drugs that aﬀect the microsomal P450 system have a signiﬁcant impact
on CNI levels (Table 1).
In the perioperative period, CNIs can aﬀect patient recovery as well as
result in increased morbidity. Renal toxicity is the most severe and common
side eﬀect of CNIs. Both tacrolimus and cyclosporine cause eﬀerent renal
artery constriction, which is dose-dependent. Thus, oliguria, renal dysfunction and electrolyte abnormalities can be more pronounced in the postoperative period. Moreover, the renal toxic eﬀects of CNIs can be greatly
potentiated through the use of other nephrotoxic agents, such as

Table 1
Drug interaction on calcineurin inhibitor levels
Drug or drug class

Eﬀect on CNI level

Azole antifungals (ketoconazole, ﬂuconazole, itraconazole)
Dihydropyridine Ca-channel blockers (verapamil, diltiazem)
Macrolide antibiotics (erythromycin, clarithromycin, azithromycin)
Grapefruit juice
HAART protease inhibitors (ritonavir, lopinavir)
Amiodarone
Antimycobacterial agents (rifampin, rifabutin)
Anticonvulsants (barbiturates, phenytoin, carbamazapine)
Saint-John’s-wort

Increase
Increase
Increase
Increase
Increase
Increase
Decrease
Decrease
Decrease
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aminoglycoside antibiotics, amphotericin, nonsteroidal anti-inﬂammatory
agents and angiotensin converting enzyme and receptor antagonists. Chronic
calcineurin inhibitor use also can result in renal parenchymal interstitial
ﬁbrosis, which is not reversible and results in chronic renal insuﬃciency.
While the renal side eﬀects of the CNIs are most profound, this class of
drugs also produces neurotoxicity, ranging from tremors, insomnia, and
headaches, to more severe events that include seizures and coma [16]. The
neurologic side eﬀects are dose-dependent. Generally these side eﬀects are
seen at higher drug levels and within the ﬁrst year of drug initiation. However, these adverse events may also be seen with drug levels within the therapeutic window and beyond the ﬁrst year.
Long term use of cyclosporine and tacrolimus have numerous metabolic
and physiologic eﬀects, including promotion and/or exacerbation of hypertension, hypercholesterolemia, hypomagnesemia, and hyperglycemia, which
can complicate perioperative patient management and increase the risk for
major morbidity and mortality. Moreover, these adverse metabolic and
physiologic eﬀects of CNI’s can also negatively impact transplant recipients’
ability to undergo elective surgery. Take for example, hypertension and hypercholesterolemia, which can result in advanced atherosclerotic disease
thus potentially disqualifying patients from undergoing elective surgery or
resulting in an increased risk of perioperative stroke or myocardial ischemia.
Hyperglycemia associated with CNI therapy is more pronounced with the
use of tacrolimus than cyclosporine. Tacrolimus not only results in increased
peripheral insulin resistance, but also results in diminished insulin release
from pancreatic islet beta cells. Surgery results in insulin resistance. In the
peri-operative period, the additive eﬀects of CNI-mediated alterations in
glucose homeostasis and the increase in peripheral insulin resistance due
to complex physiologic eﬀects of surgery on glucose metabolism can result
in profound hyperglycemia in the peri-operative period. Thus it is not unusual for transplant recipients to require continuous insulin infusions in
the peri-operative period following elective surgery [17].
Sirolimus
Sirolimus, a macrolide antibiotic isolated initially from a soil fungus
found on the island of Rapa Nui (Easter Island), hence the name rapamycin,
is a relatively new maintenance immunosuppressive agent. Thus, sirolimus is
known also as rapamycin. While sirolimus is structurally similar to tacrolimus and binds the same cytoplasmic binding protein or immunophilin
(FKBP-12), the sirolimus-immunophilin complex does not inhibit calcineurin activity. Instead, the complex binds to target of rapamycin (TOR)
proteins. The immunosuppressive eﬀect is mediated through the inhibition
of a key regulatory kinase that permits passage of cells from the G1 to S
phase of the cell cycle. In T lymphocytes, this kinase is regulated by cytokine
receptors, which include interleukin-2, the primary molecule responsible for
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immune response ampliﬁcation. Sirolimus dosing, like that of CNIs, is based
on therapeutic drug monitoring of trough whole blood concentrations and is
adjusted based on the type of transplanted organ, the time since transplant
and the current clinical situation [18].
The side eﬀect proﬁle for sirolimus is diﬀerent from the proﬁle for CNIs
because their intracellular targets are diﬀerent. Serious side eﬀects of sirolimus include thrombocytopenia and leucopenia, which are usually seen when
the sirolimus level is maintained at chronically elevated states. The blood
counts usually normalize when the use of sirolimus is reduced or
discontinued.
Sirolimus is also thought to hinder wound healing by inhibiting ﬁbroblasts and cells of the innate immune system that are critical in the early
phases of wound healing. Numerous studies have documented statistically
higher rates of wound dehiscence as well as incisional hernia formation
[12]. If possible, patients on sirolimus should be converted to a CNI-based
regimen 2 to 4 weeks before a major surgical procedure. The administration
of sirolimus should not be resumed until postoperative month 2 when approximately 80% of wound tensile strength is restored.
Sirolimus, like the CNIs, does increase levels of serum cholesterol and triglycerides. However, sirolimus does not harm renal function, either acutely
or with chronic use. Because of the favorable renal proﬁle of sirolimus,
many transplant patients with chronic renal dysfunction are being converted
from CNI-based immunosuppressive regimens to those based on sirolimus
[12].
Antimetabolites
Azathioprine, a purine analog, interferes with DNA synthesis and consequently exerts its therapeutic eﬀect by suppressing the proliferation of T and
B lymphocytes, which undergo rapid cell division during an immune response. The side eﬀects of azathioprine use for immune modulation are
the same as those observed when it is used as an antineoplastic agent, as described earlier.
Inosine monophosphate dehydrogenase inhibitors (IMPDH), mycophenolate mofetil and mycophenolic acid, inhibit the de novo purine synthesis
pathway, resulting in the S phase arrest of replicating lymphocytes. IMPDH
inhibitors preferentially aﬀect T and B lymphocytes because these cells lack
the salvage pathway of purine biosynthesis, which many other highly replicative cell types are able to use [19].
The side-eﬀect proﬁle of IMPDH inhibitors is similar to that of other
antimetabolites, with a predilection for highly replicative cell types, such
as hematopoietic precursors and various cells of the gastrointestinal tract.
Gastrointestinal side eﬀects were the most pronounced, with diarrhea, gastroesophageal reﬂux, gastritis, and vomiting. These side eﬀects are dosedependent and improve or completely resolve with dose reduction or drug
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discontinuation. Additionally, IMPDH inhibitors can also cause leukopenia
and thrombocytopenia through bone marrow suppression. This side eﬀect is
also reversible with drug discontinuation or dose reduction [19].
Biologic and new agents
Numerous antibody preparations are used in the treatment of transplant
patients. Most of these agents are administered in the immediate transplant
period (induction immunosuppression) or in the treatment of allograft rejection. The biologic agents are directed against single or multiple cell-surface
molecules located on the surface of T and B lymphocytes (eg, T cell receptor,
interleukin-2 receptor, antithymocyte globulin, CD52, and CD20). In general, these agents are prescribed by physicians involved in the long-term
management of transplant recipients. Therefore, these patients are usually
undergoing close follow-up with transplant professionals. Thus, these agents
will not be reviewed in detail here. Biologic agents are the most potent immunosuppressive medication in the transplant physician’s armamentarium,
and thus the major side eﬀects of this class of drugs are opportunistic infections, overwhelming systemic infections, and, in the long term, lymphoidbased malignancies [12].
As for pharmaceuticals being developed, some represent new classes of
drugs (eg, belatacept, FTY770, leﬂunomide), while others represent modiﬁcations of existing agents (everolimus, SDZ-RAD). The side eﬀect proﬁles
of these agents have not been well established.
Infectious complications
All classes of immunosuppressive drugs used in solid organ transplantation impair the function of the immune system and thus increase the likelihood of opportunistic infections. The risk for infectious complications is
proportional to the dose and number of immunosuppressive medications
used. In general, most transplant recipients receive the peak doses and number of immunosuppressive medications within the ﬁrst 1 to 3 months of
transplantation, after which the dose and number of medications are reduced, depending on the clinical circumstances. During this period of
peak immune suppression, prophylactic antibiotics, such as sulfonamide
and trimethoprim combinations for Pneumocystis carini, and antiviral medications, such as ganciclovir for cytomegalovirus, are used. Transplant recipients that undergo elective surgery, should be maintained or restarted on
their outpatient medications, including prophylactic anti-infective medications as early as possible in the perioperative period.
In terms of perioperative antibiotics for preventing wound infections, the
guidelines set forth by various surgical specialty boards for each type of surgery (eg, clean, clean-contaminated, contaminated) should be followed.
Perioperative antibiotics should be administered no more than 2 hours before the surgical incision and generally should not be continued for more
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than 24 hours postprocedure, if at all. As in nonimmunosuppressed patients,
excessive use of perioperative antibiotics only results in emergence of drug
resistant infections.

Summary
The perioperative management of immunocompromised patients can be
successfully undertaken without increased morbidity or mortality through
vigilant attention to detail and a basic understanding of the pharmacology
and toxic proﬁle of the drugs most commonly used in the management of
this patient population. When complications occur, early recognition of
these problems and their causes, especially consideration of drug-mediated
side eﬀects, are imperative to minimize the potential morbidity.
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Perioperative Management of Special
Populations: Obesity
Eric J. DeMaria, MD*, Brennan J. Carmody, MD
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Obesity and its complications have reached epidemic proportions. At
least two thirds of the adult American population are considered overweight. That is, their body mass index (BMI), calculated as weight in kilograms divided by the square of the height in meters, is R25. Half of those
overweight people are obese. That is, they have a BMI of R30 [1]. By definition, a person has morbid obesity if he or she has a BMI of R40. This
degree of excess weight is clearly associated with increased morbidity and
mortality [2]. Additionally, obesity has become increasingly prevalent in
the pediatric population, and 30% of American children have a BMI greater
than the 85th percentile for their age [3]. Several obesity-related conditions
are underlying causes for earlier mortality associated with obesity, especially
morbid obesity. These conditions include coronary artery disease, hypertension, impaired cardiac ventricular function, adult-onset diabetes mellitus,
obesity hypoventilation and sleep apnea syndromes, hypercoagulability
leading to an increased risk of pulmonary embolism, and development of
certain malignancies [4]. As this obesity problem becomes more widespread
in the general population, it will become more common for this patient population to seek elective or urgent surgical care. Therefore, surgeons and hospitals alike must be aware of the special considerations involved in treating
the obese patient.
Preoperative assessment
Experts disagree about whether obesity itself below the level of morbid
obesity is an independent risk factor for increased perioperative morbidity
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and mortality. Several investigators conclude that while surgical-site infection is more common in this patient population, mortality rates are similar
to those of nonobese patients. Besides adding to the complexity of all
aspects of care, obesity increases incidence of the aforementioned comorbidities, which raises perioperative risk. Therefore, medical professionals
must make thorough evaluations to properly identify and address medical
comorbidities in obese patients.
Morbid obesity is often associated with left ventricular enlargement and
both systolic and diastolic dysfunction, even in patients without overt cardiac
disease [5]. The risk of atrial ﬁbrillation increases 50% in the obese population
[6], and factors associated with the development of coronary artery disease,
such as hypertension, hyperlipidemias, and diabetes mellitus, are more
common in the obese population. Patients should be assessed for risk based
on history and physical, planned procedure, and functional capacity [7]. Intermediate- or high-risk patients undergoing major procedures should undergo
further noninvasive testing. A reliable clinical predictor for intermediate or
high risk is the ﬁnding that the patient is unable to perform activities requiring
at least four metabolic equivalents. b-Blockade may decrease the risk of
perioperative ischemia, infarction, or arrhythmia in patients with coronary
artery disease [8]. Cardiac medications should be continued up to the day
of surgery.
The prevalence of obstructive sleep apnea (OSA) is higher in the obese
population; up to 71% of morbidly obese patients undergoing work-up
for bariatric surgery have OSA. No correlation exists between BMI and
the presence or severity of OSA [9]. This condition is associated with sudden
death during sleep resulting from myocardial infarction or arrhythmia [10].
Characteristics of OSA include apneic periods during sleep, daytime somnolence, loud snoring, morning headaches, and frequent nocturnal awakening.
Sleep polysymnography conﬁrms the diagnosis and demonstrates cessation
of airﬂow during sleep associated with persistent respiratory eﬀorts. Preoperative initiation and perioperative use of continuous positive airway pressure (CPAP) can reduce hypercarbia, hypoxemia, and pulmonary artery
vasoconstriction and should decrease the incidence of hypoxemic complications. Exertional dyspnea or syncope can indicate pulmonary hypertension;
EKG ﬁndings include right axis deviation, and an echocardiogram can determine pulmonary vascular resistance [11].
The incidence of perioperative deep venous thrombosis (DVT) and pulmonary embolism (PE) is also higher in the obese population. This relationship between DVT and obesity stems from the increased intra-abdominal
pressure and venous stasis most pronounced with central obesity. Both of
these eﬀects are accentuated by intraoperative factors, such as pneumoperitoneum and anesthesia-induced paralysis. Obesity is also associated
with a hypercoagulable state through increased levels of ﬁbrinogen, factor
VIII, and von Willebrand factor. Procedures associated with prolonged immobility, such as those related to orthopedic cases, amplify this risk.
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The risk of perioperative thromboembolic events in the obese population
has been described in the bariatric surgery literature, which states that the
estimated incidence of DVT and PE in patients receiving perioperative prophylaxis ranges from 0.2% to 2.4% [12,13]. Venous stasis ulcers of the lower
extremities are relatively common in the morbidly obese. An association between the presence of stasis changes and PE has been described [14]. Prophylactic inferior vena cava ﬁlter insertion should be strongly considered in
patients with such risk factors. Otherwise, unfractionated or low-molecular-weight heparin should be administered before surgery and continued
throughout hospitalization. After the operation, continued short-term outpatient anticoagulation may be necessary for these high-risk patients.
Diabetes mellitus is common in the obese population, and it is likewise an
independent risk factor for postoperative morbidity. Additionally, strict
perioperative glycemic control reduces morbidity and mortality in cardiothoracic patients [15]. Therefore, care must be taken to ensure that serum
glucose is at the appropriate level before proceeding with the intended
surgery.
Obesity has been identiﬁed as an independent risk factor for surgical-site
infection. Possible etiologies include decreased oxygen tension [16], immune
impairment [17], and tension and secondary ischemia along long suture
lines. Chronic skin infections, such as intertriginous Candida, should be
treated preoperatively, and preoperative antibiotics should be administered
as appropriate for the surgical procedure classiﬁcation. Laparoscopic techniques oﬀer a signiﬁcant advantage in reducing surgical site infections and
should be considered [18].
Finally, bariatric surgery itself plays a role in improving the medical condition of morbidly obese patients and enhancing the results of a future
planned procedure, such as a total knee replacement or renal transplant
[19,20]. In fact, satisfactory weight reduction may obviate elective orthopedic surgery because symptoms, such as those asociated with degenerative
joint disease, often improve dramatically with weight loss.
Intraoperative management
The operating room table must be able to accommodate the obese patient. The C-Max surgical table (Steris, Mentor, OH), can accommodate
patients weighing up to 1100 lb and can be ﬁt with width and length extenders. Bariatric beds such as the Magnum II Bariatric Patient Care System,
(Hill-Rom Services, Batesville, IN) can support patients weighing up to
800 pounds and function as chairs and transport vehicles [21]. Obese patients are at risk for slipping oﬀ the table during position changes and therefore must be well secured to the table [22]. A bean bag may be used to assist
in preventing shifting, especially during position changes. All potential pressure points should be well padded. Reports indicate that rhabdomyolysis of
gluteal muscles leading to renal failure has occurred in morbidly obese

1286

DEMARIA & CARMODY

patients. Also, nerve injuries are more common in obese patients [23]. Sequential compression devices should also be used in combination with subcutaneous heparin for DVT prophylaxis, especially in the setting of
laparoscopic access where increases in intra-abdominal pressure are likely
to decrease venous return from the lower extremities.
Invasive arterial monitoring should be used for severely obese patients,
including so-called ‘‘super’’ obese patients with a BMI R60. Invasive arterial monitoring is also important for patients with signiﬁcant cardiopulmonary disease, and in cases where noninvasive blood pressure monitoring
devices are unreliable. Blood pressure cuﬀs should span a minimum of
75% of the patient’s upper arm circumference. The ankle or wrist may be
used as alternate sites for taking blood pressure [24]. Establishing peripheral
intravenous access can be diﬃcult in obese patients. Central venous catheters should be used in cases where peripheral access cannot be obtained
or when postoperative access may be diﬃcult.
Endotracheal intubation and airway management in the obese patient can
be challenging. These patients as a group are more likely than the general population to have airways diﬃcult to keep open. A large neck circumference
appears to be one of the best predictors of a problematic intubation [25]. Towels or a shoulder roll can be used to extend the neck. Other adjuncts include
awake ﬂexible ﬁber-optic intubation and the use of the Bullard Laryngoscope
(ACMI, Southborough, MA). Highly lipophilic medications, such as benzodiazepines and barbiturates, must be administered in higher doses to account
for increases in volume of distribution (VD) compared with patients of normal
weight. Doses should be calculated according to total body weight [26].
Ventilator strategies include tidal volumes of 10 to 12 mL/kg for limiting volutrauma, respiratory rates up to 14 breaths/minute for maintaining normocapnia, and positive end-expiratory pressure (PEEP) of 5 to 10 cm H2O for
improving oxygenation.
Accurate assessment of volume status can be diﬃcult, and a Foley catheter should be placed at the onset of major procedures. Laparoscopy can
confound the issue because pneumoperitoneum itself can decrease renal
blood ﬂow and decrease urine output. Hypovolemia can accentuate these
eﬀects.

Postoperative management
Obese patients require close postoperative observation. Patients with obstructive sleep apnea, signiﬁcant cardiac disease, or other signiﬁcant comorbidity should be admitted to intermediate or intensive care for continuous
cardiopulmary monitoring. Obese patients undergoing abdominal or thoracic
procedures are at signiﬁcant risk for pulmonary complications. Atelectasis
has been reported in up to 45% of obese patients following upper abdominal
surgery and may be worsened by the eﬀects of pneumoperitoneum [27].
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Conversely, laparoscopic access has been associated with decreased postoperative pain and a reduction in pulmonary dysfunction [28]. Postoperative ambulation and use of incentive spirometry should be initiated as soon as
possible. Ways to reduce pulmonary dysfunction include the use of continuous positive airway pressure (CPAP) [29] or bilevel positive airway pressure
(BIPAP) [30].
Adequate analgesia is crucial in allowing early ambulation and restoring
the best possible pulmonary function. Patient-controlled narcotics are frequently used following both minimally invasive and open procedures. Potential beneﬁts of nonnarcotic agents include decreased sedation and more
rapid return of bowel function. Such agents, including, for example, marcaine and bupivicaine, can be administered via epidural. Recently, agents
have been administered adjacent to the surgical site using a marcaine infusion device, such as the On-Q (I-Flow, Lake Forest, CA). Evidence indicates
that the administration of agents adjacent to the surgical site reduces both
postoperative pain and use narcotics following inguinal hernia repair [31].
The nursing staﬀ plays a crucial role in the postoperative management of
the obese patient. Early ambulation may decrease pulmonary dysfunction
and increase return to bowel function. Also, early ambulation should reduce
the risks of DVT, PE, and the formation of decubitus ulcers. Care providers
must be vigilant with regard to the latter and carefully inspect the skin over
potential pressure points at frequent intervals. Oscillating beds should be
used for patients who cannot shift their own weight, and bariatric beds
that can conform into sitting positions are helpful.
Hospitals and health care systems should be prepared to care for the obese
patient population. Besides the aforementioned beds and transport devices,
doorways and bathrooms should be large enough to accommodate morbidly
obese patients. Radiologic equipment, such as CT scanners and interventional radiology tables, should be capable of supporting these patients.
The American College of Surgeons (ACS) has developed the Bariatric
Surgery Center Network Accreditation Program to foster high-quality surgical care for patients who undergo bariatric surgery. The program manual
(available at http://www.FACS.ORG/CQI/BSCN/index/html) describes the
necessary physical resources, human resources, clinical standards, surgeon
credentialing standards, data reporting standards and veriﬁcation and approval processes associated with ACS designation as a bariatric surgery
center.

Summary
As obesity becomes more common, more obese patients will require or
choose surgical care. A multidisciplinary eﬀort including providers, nursing
staﬀ, and health systems must be attuned to the special needs and comorbidities associated with this patient group. Careful preoperative, perioperative,
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and postoperative care that anticipates issues and complications particular
to the obese patient is critical in reducing morbidity and mortality in these
patients. All hospitals and surgeons must be prepared to handle surgical issues for this challenging population.
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For any room, good design not only creates an aesthetically pleasing conﬁguration, it also meets the functional needs of its users. In designing an operating room, this translates into careful attention to traﬃc patterns; the
number and conﬁguration of nearby operating rooms; space required for
storage, administration, and staﬀ; provisions for sterile processing; and systems to manage airborne contaminants. This article addresses these issues as
they relate to infection control and prevention.

Traﬃc patterns
Most postoperative surgical infections originate from the patient’s own
endogenous ﬂora. Thus the integrity of the patient’s immune system and
other host factors are more important in determining infections than the
numbers of bacteria in the operating room environment. Nonetheless, airborne contaminants can cause or aggravate infections. For that reason, as
much as possible it is best to create traﬃc patterns that limit the movement
of personnel and materials from outside the surgical suite. This restricts the
movement of airborne contaminants, such as organisms carried and shed by
people and objects.
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There is no perfect traﬃc plan. However, some guidelines are useful for
limiting movement from the outside into the operating suite. First, make
sure there are no more people than necessary in the operating room while
operations are being performed. Second, limit the amount of movement
within the room. Third, keep the doors of each operating room closed during operations. Personnel in an operating room shed squamae from skin and
hair, generating most particles and bacteria found in operating room air [1].
Although no one has established a direct relationship between the number
of people in an operating room and the development of postoperative infection, the few studies that have been performed suggest that, as the number
of people in the operating room increases, so does the incidence of surgical
site infection [2]. Whether this has to do with the people per se or the greater
amount of traﬃc into and around the room is not clear. It has been shown
that opening the doors to the operating room decreases the eﬀectiveness of
the ventilation system to eﬀectively clear potential contaminants from the
operating room outward. Laufman [3] argues that a sensible traﬃc pattern
should reﬂect ‘‘the realistic traﬃc and commerce of patients, personnel and
supplies, with careful attention to ‘clean’ and ‘semi-clean’ work areas.’’

Operating rooms
The operating room must be large enough to accommodate the equipment and personnel necessary to perform the operation. As more complex
technology has come into use, the recommended size for operating rooms
has increased. Current American Institute of Architects (AIA) guidelines
recommend that in new construction general operating rooms have ‘‘a minimum clear ﬂoor area of 400 square feet exclusive of ﬁxed or wall-mounted
cabinets and built-in shelves, with a minimum of 20 feet clear dimension between ﬁxed cabinets and built-in shelves.’’ The guidelines also say that
rooms ‘‘for cardiovascular, neurological, orthopedic and other special procedures that require additional personnel or large equipment’’ should have
‘‘a minimum clear ﬂoor area of 600 square feet, with a minimum of 20 feet
clear dimension exclusive of ﬁxed or wall-mounted cabinets and built-in
shelves’’ [4]. These standards are also recommended for renovations; however, if that is not possible, the minimum clear ﬂoor area for general-purpose
rooms and orthopedic rooms should be 360 square feet, and for cardiovascular, neurological and other special purpose rooms, 400 square feet.
If an operating room has windows, those windows should have coved or
sloped edges. Designers should make sure that no ledges can collect dust or
debris. Windows should be well sealed and function primarily as sources of
natural light. They should not be allowed to be opened. The addition of windows is optional. Studies have shown that natural light enhances staﬀ morale. However, for some types of operations, the need to darken the room,
control for glare, and other considerations may outweigh any advantages.
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Floors should ideally be slip-resistant under wet and dry conditions and
should be able to withstand frequent washings and hard cleaning with
scrubbing machines. They should also be smooth and able to tolerate rolling
loads. Carpeting should not be used in operating rooms because of the frequent spilling of blood and body ﬂuids and the need for eﬃcient, frequent,
and thorough cleansing [5].
Walls should be water-impermeable, resistant to cracks and scrubbable.
They should also be protected from impact by gurneys and other equipment
coming to and from the rooms. There is no evidence that antimicrobial additives to wall surfacing material or paint has any role in infection control.
Monolithic ceilings are recommended for the rooms where operations are
actually performed. Ceiling surfaces should be smooth and scrubbable. Ceilings are usually made of plaster; however, moisture-resistant gypsum wallboard systems with special epoxy-based coatings can be a less costly
alternative material. Any ceiling-mounted lights or ﬁxtures must be sealed
so that dust and contaminants cannot enter through these openings, and
so that there is no compromise to the ventilation system. Lay-in ceilings
may be used in semirestricted and unrestricted areas, including recovery
and holding areas, but are not permitted in operating rooms. Where lay-in
ceilings are used, clips must be applied to ensure that dust and other contaminants do not enter the room.
Storage considerations
The task of providing adequate storage is probably one of the most difﬁcult problems in operating room design. In the initial design of an operating room, careful planning must go into determining what equipment, if
any, should be stored in the room. In rooms with one purpose, such as
a room where only laparoscopic operations are performed, it may be appropriate to provide space to store monitors, insuﬄators, light sources, and
other regularly needed equipment in the room.
However, as a general rule, unless a piece of equipment is almost always
and exclusively used in a given operating room, it should be stored elsewhere.
Most equipment should be kept in an equipment storage area in the semirestricted area of the operating suite. AIA Guidelines recommend specifying not
less than 150 square feet or 50 square feet per operating room, whichever is
greater [4]. For specialty rooms, an adjacent space in the restricted area, preferably adjoining the room, should be designated. These would include, but
are not limited to a pump room for cardiac surgery, and large equipment
storage for the neurological and orthopedic rooms.
There is a strong tendency to opt for more operating room space rather
than storage space when putting together a wish list in the design phase of
an operating room suite. However, failure to provide adequate space results
in cluttered corridors and operating rooms, which can easily become safety
hazards. In addition to providing space for storing equipment, designers
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must also provide space for storing sterile supplies. This is logically placed in
the substerile areas between operating rooms. Other storage spaces should be
designated for clean supplies and packaged reusable items, and should be in
a separate space from the soiled workroom. Carts and gurneys should not be
stored where they obstruct corridors.

Sterile processing
All sterile supplies should be transported into operating rooms in
closed sterile containers. Inadequate sterilization of surgical instruments
has been implicated in outbreaks of surgical site infections [6,7]. For
that reason, indicators documenting adequate sterilization should be included in all sterile instrument sets [8,9]. Case carts, when used, should
be transported in covered, enclosed units and should not follow a route
from the point of assembly to the operating room that traverses public
thoroughfares.

Air handling
Proper air handling is the single most important environmental factor in
the prevention of surgical site infection. Operating suites should be maintained at positive pressure so that air ﬂows from the cleanest areas to the
least clean areas. This means air should ﬂow from the operating rooms toward the corridors and adjacent areas.
Positive pressure should be maintained in corridors and adjacent areas
[4,10,11]. At least 15 air changes per minute should be maintained, of which
at least three air changes per minute should be made up of fresh air [12,13].
All recirculated air and fresh air should be ﬁltered so as to provide at least
90% eﬃciency by drop-spot testing [4,13]. Most operating rooms are designed to introduce air at the ceiling with exhaust near the ﬂoor (plenum system) [12,13]. This kind of system requires that the opening of doors and
other movement be limited to the greatest possible extent because such
movements can decrease the eﬃciency of the system.
Rooms may be engineered for horizontal laminar ﬂow whereby particlefree air is moved over the operative ﬁeld at a uniform velocity picking up
particles in its path and passing them through a high-eﬃciency particulate
air ﬁlter. However, it is not clear that this is necessary in any but the highest-risk operations, such as joint replacements where surgical site infections
can be devastating. In studies of patients undergoing total hip replacements
[12,14], incidence of surgical site infections came to 3.4% when laminar ﬂow
systems were employed in combination with antibiotic prophylaxis. This fell
to 1.6% when laminar ﬂow systems were employed alone, without antibiotic
prophylaxis. The only studies supporting laminar ﬂow rooms were done on
patients undergoing orthopedic procedures.
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To the extent possible, operating room doors should be kept closed. Entry should be limited to essential equipment and personnel. Every eﬀort
should be made to minimize traﬃc in and out of rooms [15].
Maintenance
Regularly scheduled surveillance and maintenance of the air-handling
system is essential. This includes checking for moisture in walls, ceilings,
and other potentially porous materials, assuring integrity of the air ducts,
and checking fan settings and ﬁlters. Temperature and humidity also inﬂuence
the likelihood of surgical-site infection. Most building codes require stringent
humidity control in operating rooms, because water-borne bacteria such as
Legionnella do not survive at relative humidity below 35%, and many nonbacterial pathogens, such as viruses and fungi, thrive in high humidity.
Conventional cooling systems dehumidify by cooling air to temperatures
below its dew point, causing moisture to condense and drip oﬀ the coil into
a drain pan. The air that leaves the coil is therefore extremely moist, usually
close to saturation. When temperatures are kept above about 70 F this
poses no problem. However, when the room is cooled signiﬁcantly below
this temperature (eg, to 65 F), the humidity goes up to an unacceptable level,
requiring the lowering of the chillers in the heating, ventilating, and airconditioning (HVAC) system to a low-chilled water temperature, or the
use of desiccant dehumidiﬁers in the cooling system. The latter systems
are particularly helpful in places where the climate is very warm and
humid. The systems work by removing the moisture from the outside air
before it reaches the chilled-water coil, allowing the chilled-water temperature to be raised in the cooling system with less moisture condensing into
the drain pains and ductwork. Most modern systems can maintain adequate temperature, humidity, and pressure relationships; however, any disruption of the ductwork can change internal pressure relationships and
cause airborne particles to migrate into the system.
Room ‘‘turnover’’
Although no data support routine disinfecting of operating rooms and
equipment between operations in the absence of visible soiling or contamination, standard practice is to routinely clean rooms after each operation to provide a clean environment for the next one [8,9,11,15,16]. CDC guidelines
specify that hospitals use a one-step process and a hospital detergent registered with the Environmental Protection Agency (EPA) and designed for general housekeeping purposes where there may be blood or body ﬂuid
contamination on surfaces [12]. Similarly, the Occupational Safety and
Health Administration (OSHA) requires that any equipment or surfaces contaminated with blood or potentially infectious agents be cleaned and decontaminated [17]. If single-use, disposable mops and cloths are not used, mop
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heads and cloths should be cleaned after each use and allowed to dry before
reuse [17,18]. Following the last surgical procedure of the day or night, operating room ﬂoors should be wet-mopped with a single-use mop and an EPAregistered hospital disinfectant [19]. Tacky surfaces and mats should not be
used at the entrances of operating rooms, [19] nor should ultraviolet lights.
Despite the common practice of closing operating rooms or having special
procedures to clean rooms after contaminated or dirty operations, no data
support such practices [12].

Repairs and renovations
Nosocomial infections ranging from Aspergillus and mold in ceilings to
Legionella in wet areas have prompted support of mandatory proactive infection control risk assessments (ICRAs) by the Joint Commission for the Accreditation of Hospitals, the American Society of Hospital Epidemiologists,
and the AIA. Major renovations, particularly those involving air-handling
systems or ventilation, require an ICRA before beginning any remodeling
or new construction. A multidisciplinary team should conduct ICRAs.
This team might include infection control personnel, risk managers, contractors, facility designers, HVAC specialists, structural engineers, safety oﬃcers,
and hospital epidemiologists. ICRAs should be initiated in the earliest stages
of the design or development phase of a project to identify potential infectious risks to the patient population, any risks associated with the mechanical
systems of the building, and the areas that will be aﬀected by the project. Its
goals include deﬁning necessary containment measures (such as traﬃc diversion, waste removal, and work disruption) during construction and anticipating any safety hazards that can result from the construction.
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With the discovery AIDS and HIV, the medical community began to
recognize widely the dangers of serious illnesses spreading through contact
with contaminated blood and body ﬂuids. Responding to this growing
awareness, the Centers for Disease Control (CDC) in 1987 came out with
Universal Precautions [1], guidelines for contamination issues involving
blood and body ﬂuid for all patients. In 1991, with the enactment of the
Blood Borne Pathogen Standard [2], the Occupational Safety and Health
Administration began requiring the use of Universal Precautions. Although
this standard has been revised and updated several times (most recently
in 2001 [3]), the published literature indicates that surgeons continue to
demonstrate poor compliance with Universal Precautions [4]. Equally
unfortunate is the failure of Universal Precautions and the Blood Borne
Pathogen Standard to fully address the needs of the high-risk operating
room environment. Thus, sharps injuries to surgeons and scrub personnel
continue to occur.

The operating room
Ensuring a safe operating room environment is challenging because surgeons, scrub nurses, and operating room technicians work closely together
handling the same instruments in a conﬁned space. Consequently, surgeons
and scrub personnel are injured in similar ways with similar equipment and
often by each other. To reduce injury rates in the operating room, a team
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E-mail address: rberguer@yahoo.com (R. Berguer).
0039-6109/05/$ - see front matter Ó 2005 Elsevier Inc. All rights reserved.
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approach to safety is critical for examining the patterns of injuries typical of
the operating room.
According to reports, the skin or mucous membranes of operating room
personnel may have contact with patient blood in as many as 50% of operations, and cuts or needle sticks may occur in as many as 15% of operations
[5,6]. Not surprisingly, the risk of sharps injury increases with longer, more
invasive, and higher blood-loss procedures [5–9]. Most injuries are selfinﬂicted, but a signiﬁcant number, perhaps as many as 24%, are inﬂicted
by co-workers [6,10,11,13]. The most common body part injured is the
non-dominant hand [10,11,13].
Surgeons and ﬁrst assistants are at highest risk for injury [10], suﬀering
as many as 59.1% of injuries in the operating room [10]. Scrub nurses and
scrub technicians in the operating room sustain the second highest frequency of injuries (19.1%), followed by anesthesiologists (6.2%) and circulating nurses (6%) [10]. Although the risk of injury and exposure is
diﬀerent for various personnel, the risk in the operating room is never
zero (Table 1).
Suture needles are the most frequent source of injury and are involved in
as many as 77% of injuries [11]. Interestingly, while the largest number of
injuries occurs with curved suture needles, the rate of injuries involving
straight suture needles is higher considering the number of needles used
[12]. Many suture needle injuries occur while suturing muscle and fascia during wound closure, often as the ﬁngers manipulate needles and tissue [10,11].
Up to 16% of injuries occur while passing sharp instruments hand to hand
(range 6%–16%). As many as one third of devices that cause injuries come
in contact with the patient after the injury to the health care worker. That
means that in addition to the risk of disease transmission from patient to
health care worker, there is also a risk of disease transmission from health
care worker to patient [9,11]. Fortunately, only about 0.5% of injuries to
surgeons are ‘‘high risk,’’ which are deﬁned as injuries from hollow bore vascular access needles [10]. Unfortunately, surgeons fail to report as many as

Table 1
Risk of needle injuries in the operating room
Job category

Percent of total needlestick exposures

Surgeons
Scrub nurses
Anesthesiologists
Circulating nurses
Medical students
Attendants
Other

59.1%
19.1%
6.2%
6.0%
3.1%
0.8%
5.7%

Data from Jagger J, et al. A study of patterns and prevention of blood exposures in OR
personnel. Aorn J 1998;67(5):979–96.
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70% of their injuries, and therefore rarely participate in recommended postexposure strategies [4].
Double gloving
Surgeons and scrub personnel realize that glove barrier failure is common. In fact, the Food and Drug Administration (FDA) accepts a failure
rate of 2.5% for new unused sterile gloves in standardized quality-control
tests [14]. Perforation rates as high as 61% for thoracic surgeons and 40%
for scrub nurses have been reported [15]. Initial intraoperative glove perforation occurs an average of 40 minutes [15,16] into a procedure and is
not detected by the surgeon in as many as 83% of cases [17].
Therefore, the practice of wearing two pairs of gloves oﬀers a higher degree of protection from this common event. Double gloving reduces the risk
of exposure to patient blood by as much as 87% when the outer glove is
punctured [18–22]. While puncture of the outer glove remains common, corresponding punctures of both the inner and outer gloves are rare. Additionally, the volume of blood on a solid suture needle is reduced as much as 95%
when passing through two glove layers, thereby reducing the viral load in
the event of a contaminated percutaneous injury [23]. Because of the occult
nature of intraoperative glove failures, double gloving may prevent prolonged occult hand contact with patient blood. Using electronic detection
of glove barrier failure, one study estimated that surgeons wearing a single
pair of gloves would have contact with patient blood for 42 hours for every
100 hours of operating time [19]. Several reports indicate that better barrier
protection might protect the patient from exposure to blood-borne pathogens from members of the operating team [24–28].
Surgeons have been reluctant to adopt this safety measure largely because
of the widespread perception that double gloving reduces hand sensitivity
and dexterity. One study compared knot-tying ability and moving two-point
discrimination tests (under non-surgical conditions) between single- and
double-gloved surgeons and found no diﬀerence [29]. A more recent study
demonstrated that double-gloved surgeons experienced decreased hand sensibility during evaluations of pressure sensitivity and moving two-point discrimination. However, static two-point discrimination for those surgeons
was not impaired [30]. Subjective evaluations comparing surgeons’ comfort,
sensitivity, and dexterity with single and double gloves indicated subjective
impairment of all parameters [31], and surgeons involved in clinical studies
with double gloving remove the outer glove before the end of surgery in
about 26% of cases [32]. Nevertheless, surgeons who always or usually double glove report that a period of 1 to 120 days (2 days in most cases) is required to fully adapt to double gloving. Also, surgeons who routinely
double glove report decreased hand sensation much less frequently than
those who do not [4]. It appears that a period of adaptation and ‘‘retraining’’
is required for practitioners to feel comfortable with the technique.
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Use blunt suture needles
Curved suture needles used during fascial closure cause as many as 59%
of suture needle injuries in the operating room [12] (Table 2).
To decrease this risk of needle-stick injury to the surgeon, the use of blunt
suture needles has been proposed and studied. To date, four prospective
randomized trials have demonstrated that the use of blunt suture needles
leads to a signiﬁcant reduction in, and in some cases the elimination of, needle injuries to operating room staﬀ. Wright et al. [37] reported that the use
of blunt needles during hip arthroplasty signiﬁcantly decreased glove perforations. Mingoli [38] reported that blunt needles reduce sharp injuries sevenfold in emergency abdominal procedures. Rice [39] reported no glove
perforations or needle sticks using blunt suture needles in 68 total hip replacements. By comparison, rates using sharp needles are 16 percent for perforations and 6 percent for needle sticks. Hartley [40] reported a signiﬁcant
decrease in glove puncture rates (38% versus 6.5%) with the use of blunt suture needles. In a 1994 report, the CDC indicated that the use of blunt suture needles reduced percutaneous injuries from 1.9/1000 for curved suture
needles to 0/1000 for blunt needles [12].
Several case series also support the safety and usability of blunt suture
needles. Dauleh [41] reported that blunt suture needles eliminated needleprick injury to surgeons’ hands and were technically satisfactory in abdominal wall closure, hernia repair, and even in colonic anastomosis. Monz [42]
reported ease of use and no percutaneous injuries with the use of blunt needles in 50 cases of abdominal wound closure.
Therefore, compelling published evidence supports the routine use of
blunt suture needles for the closure of fascia and muscle. With further experience, these needles may be found to be safe and useful for suturing tissues
other than fascia.
Use a neutral zone for passing sharps
The neutral zone has been deﬁned as ‘‘a previously agreed upon location
on the ﬁeld where sharps are placed from which the surgeon or scrub can
retrieve them. Therefore, hand-to-hand passing of sharps is limited’’ [33].

Table 2
Needle injuries relative to needle type
Type of needle

Injuries per 1000 needles used

Blunt suture needle
Straight suture needle
Curved suture needle

0
14.2
1.9

Data from Evaluation of blunt suture needles in preventing percutaneous injuries among
health-care workers during gynecologic surgical proceduresdNew York City, March 1993–
June 1994. MMWR Morb Mort Wkly Rep 1997;46(2):25–9.
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The use of the neutral zone to transfer sharps (otherwise known as the
hands-free technique (HFT)) has been proposed as a method to reduce exposure of operating room personnel to blood during surgery and is recommended by the American College of Surgeons and the Association of
PeriOperative Registered Nurses. The American College of Surgeons oﬀers
the following guidelines:
Avoid accidents and self-wounding with sharp instruments by following
these measures: Do not recap needles, Use needle-less systems when possible, Use cautery and stapling devices when possible, and pass sharp instruments in metal trays during operative procedures [34].

Meanwhile, the Association of PeriOperative Registered Nurses oﬀers the
following precautions:
Surgical team members should use hands-free techniques whenever possible
and practical instead of passing needles and other sharp items hand to
hand.Changes in surgical practice to minimize manual manipulation of
sharps (ie, no touch techniques) can have a major impact on these injuries.Creation of a neutral zone (ie, where instruments are put down and
picked up, rather than passed hand to hand) may decrease injuries from
sharp instruments [35].

A study of 3765 operations [33] reported that, when HFT was judged by
the scrub nurse to have been used 75% of the time or more often during the
operation, the number of ‘‘incidents’’ fell by 59% in operations with a blood
loss of 100 mL or greater. Incidents were deﬁned as sharps injuries, cutaneous blood exposure, or glove tears. In contrast, one smaller randomized prospective study of the use of HFT compared with control during 156 cesarean
sections demonstrated no reduction of the incidence of glove perforations
with HFT compared with control [36].
While data regarding the eﬃcacy of the HFT remains inconclusive, the
technique is recommended by several leading professional organizations
and its use is mandated in many hospitals as a safety measure to reduce
sharps injuries during surgery.

Summary
Sharps injuries remain a signiﬁcant health risk for surgeons and nurses in
the operating room. health care workers must be made aware of this important issue. A number of related resources are available. These include:
1. International Sharps Injury Prevention Society. Education, information
and product knowledge to help reduce the number of sharps injuries.
Available at: http://www.isips.org.
2. International Health Care Worker Safety Center EPInet.. Exposure prevention information network. Available at http://www.med.virginia.
edu/medcntr/centers/epinet/.
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3. Joint Commission for Accreditation of Health Care Organizations. Sentinel alert: preventing needle stick and sharps injuries. August
2001. Available at: http://www.jcaho.org/aboutþus/newsþletters/sentinelþeventþalert/sea_22.htm.
4. Davis, MS. Advanced precautions for today’s O.R. In: The operating
room professional’s handbook for the prevention of sharps injuries
and bloodborne pathogen exposures. Atlanta (GA): Sweinbinder Publications; 2001.
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Workplace safety standards for the operating room have existed for decades. These standards have traditionally focused on equipment, ﬁre prevention and environmental controls with the primary aim of protecting the
people who work in the room. That is, surgeons, perioperative care nurses
and anesthesiologists. Not until the late 1990s, after the publication of the
National Academy of Medicine’s treatise ‘‘To Err Is Human,’’ did safety
standards speciﬁcally for patients begin to be considered [1] in operating
room practices. Attention turned to developing ways to ensure that patients
would be free from injuries caused by mistakes in the operating room.
Patient safety practices in the operating room are based on strategies for
reducing error. Such strategies may require systems in which perioperative
care providers work is redesigned. Newly redesigned systems may include
standards for processes of care, the use of protocols and checklists to reduce
reliance on memory, and simpliﬁcation of all processes as much as possible.
Furthermore such systems should eliminate or minimize conditions that lead
to human error (eg, interruptions, fear, anger, time pressure, anxiety), include devices designed to be error-proof and incorporate frequent training
in the use of those devices [2]. Additional practices include the creation by
senior management of an environment of ‘‘no fault’’ reporting of errors
and ‘‘near misses,’’ feedback on performance improvement in employee
and staﬀ reviews, and evaluation of safety practices in institutional performance measures.
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Safety practices generally cover broad structural elements within a health
care system. Such measures include steps for creating appropriate environments for safe delivery of care and practices for proper patient identiﬁcation. In medicine, patient safety eﬀorts have focused on prevention of
medication errors and improvement in the transmission of medical orders
through computerized entry systems [2]. In surgery, the ﬁrst patient safety
initiative was directed against the problem of wrong-site surgery.

Correct-site surgery
In 1998, the Joint Commission on Accreditation of Health Care
(JCAHO) issued a sentinel event alert on the problem of wrong-site surgery.
This alert was based on a review of 15 cases reported to the organization [3].
Wrong-site surgery is the performance of an operation or surgical procedure
on the wrong part of the body. This can include the wrong side of the body
in cases involving laterality or it can be the wrong level of the spine in cases
involving spine surgery. Wrong-procedure surgery is the performance of
a procedure other than that intended or indicated. Wrong-person surgery
is the performance of an operation or procedure on a person other than
the one for whom the procedure was intended. All of these events are errors
of commission and are the result of mistakes in applying identiﬁcation procedures. Although these errors happened before with astonishing regularity
in the most modern health care environments, the initial impetus to systematically address this problem came only after the JCAHO review.
By 2000, the JCAHO sentinel event database contained 150 reported cases
of wrong-site, wrong-person or wrong-procedure surgery, and 126 of these
cases had root-cause analysis information available for them [4]. Root-cause
analysis is an investigative technique for drilling down to underlying organizational causes or factors that contribute to an event, and for identifying corrective opportunities that could reduce the likelihood of a similar error
recurring [2]. The JCAHO has promoted this detailed and time-consuming
technique in the investigation of all reported sentinel events. Institutions
are expected to report sentinel events and root-cause analysis ﬁndings to
the JCAHO to discover trends, learn lessons and develop better patient safety
practices.
Of the 126 cases that involved wrong-site surgery, 41% involved orthopedic surgery, 20% involved general surgery, 14% neurosurgery, 11% urology
and the remaining cases involved other surgical disciplines [4]. The high percentage of wrong-site orthopedic cases is related to the likelihood that orthopedic surgeons operate on bilaterally symmetric or paired structures
involving multiple digits or toes and levels. Operations of this nature present
more opportunities for error. Fifty-eight percent of the cases occurred in
hospital-based ambulatory surgery units, 29% occurred in inpatient operating rooms, and 13% at other inpatient clinical care settings, such as the
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emergency department or the ICU. Seventy-six percent involved surgery on
the wrong body part or site, 13% involved surgery on the wrong patient,
and 11% involved the wrong surgical procedure.
After reviewing the cases, hospitals identiﬁed many factors as root causes
for the errors. However, the most noteworthy factor shared by all the cases
was poor communication between members of the clinical care team and the
patient. Poor communication stemmed from factors related to both the
health care provider and the patient. Provider-related factors included unclear determination of the operative site, deﬁcient veriﬁcation checklists of
patient status or procedure in the operating room, incomplete patient perioperative assessments, and inadequate policies and practices related to patient identiﬁcation. Patient-related factors included the patient’s physical
characteristics, the patient’s lack of knowledge of procedures to be performed, and communication diﬃculties among physicians, patients, and
families [5].
In 1997, the American Academy of Orthopedic Surgeons issued recommendations and promulgated methods for eliminating wrong-site surgery.
However, a survey in 2000 showed that only 30% of orthopedic surgeons
actually followed these recommendations [6]. The most important directive
was to mark the operative site in the preoperative area with the surgeon’s
initials, the so-called ‘‘sign your site’’ initiative. This marking procedure
was to be done whenever possible with the active involvement of the patient
and after the completion of adequate patient identiﬁcation procedures. By
2001, reports showed continuing occurrences of cases involving wrong-site
surgery. A survey of hand surgeons revealed that 20% of the respondents
had operated on the wrong site at least once in their career. An additional
16% had almost operated on the wrong site but their errors were caught
and the cases became near misses [7]. These events illustrated the diﬃculties
inherent in a system where people under operating-room conditions were
making decisions involving symmetrical organs, multiple digits and spinal
levels that often depended on radiographs. Responding to this problem,
the American College of Surgeons, in 2002, issued its ‘‘Statement on Ensuring Correct Patient, Correct Site and Correct Procedure Surgery’’ [8].
The problem persisted. The JCAHO received reports of 60 cases of
wrong-site surgery in 2002 and 50 in 2003, leading the JCAHO to develop
and implement on July 1, 2004, the Universal Protocol for Preventing Wrong
Site, Wrong Procedure, and Wrong Person Surgery [9] (Fig. 1). The primary
components of the protocol address the primary issues of patient identiﬁcation, unambiguous communication and perioperative environmental confusion. The universality of the protocol lies in its application in all health care
settings where invasive procedures that expose patients to harm are
performed.
The universal protocol mandates that medical professionals must follow
a preoperative veriﬁcation process, mark the operative site, and take a ‘‘time
out’’ immediately before starting the procedure [9]. The goal of the
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Fig. 1. Universal protocol for preventing wrong site, wrong procedure and wrong person
surgery. Reprinted with permission of the Joint Commission on Accreditation of Healthcare
Organizations.
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preoperative veriﬁcation process is to ensure that all relevant documents and
studies are available before the procedure is performed and that the studies
have been reviewed. Furthermore, the process should conﬁrm that all team
members agree that the intended procedure is being performed on the correct patient at the correct site. Many health care entities have developed preoperative checklists that are completed before every procedure to document
compliance with the universal protocol.
The marking of the operative site identiﬁes unambiguously the intended
incision or insertion. The site marking is especially important in cases involving right/left distinction and in cases with multiple structures or levels.
The marking should take place before the patient has been prepped and
draped. Nonoperative sites are not to be marked and the marking should
be done by a person who will be performing the procedure. The marking
should preferably be with indelible ink that won’t be removed by the surgical prep.
The institution of a ﬁnal ‘‘time-out’’ to bring everyone on the team to the
same place provides the opportunity for a ﬁnal veriﬁcation of the correct patient, procedure and site. During the time-out, members of the operating
team should employ active communication techniques. All questions and
concerns are to be addressed before the incision is made. The performance
of the time-out must be documented in the medical record. Active communication requires that a member of the operative team gathers the attention
of the team and states the patient’s name, procedure and site, and ensures
the verbal acknowledgment of the team that the information is correct.
Many health care entities have developed standardized scripts that are followed by the team members to ensure that the proper information is
covered.
Not enough time has passed since the introduction of this universal protocol to determine its eﬀectiveness in decreasing the incidence of wrong-site
surgery. The universal protocol has brought about changes in the way invasive
procedures are planned and started, and has inﬂuenced the way team members
communicate with each other. What eﬀect these changes have had is still
unknown. New technology, such as the SurgiChip, is under development
for prevention of wrong-site, wrong-procedure, and wrong-person surgery.
The SurgiChip uses radio frequency identiﬁcation (RFID) technology that
generates adhesive labels containing a computer chip with detailed patient
identiﬁcation information. The chip can be read by a handheld scanner. The
US Food and Drug Administration approved the SurgiChip for this application in 2004 [10].
NoThing left behind
A less tragic but probably more common surgical error is that of retained
foreign bodies [11]. One estimate says that one case of a retained item occurs
at least once a year in a major hospital where 8,000 to 18,000 major cases are
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performed per year [12]. Data from a retrospective case-control study of
medical records associated with claims ﬁled between 1985 and 2001 found
that the likelihood of retained-foreign-body cases was higher for patients
who had emergency surgery, an unexpected change in surgical procedure,
and a higher mean body-mass index. Incidents were less likely if sponge
counts were performed at the time of operation. This estimate was based
on claims data and thus did not include data about many cases that are settled quietly outside of the legal system. Nor did it include the many near
misses that have occurred. Near misses involve, for example, incorrect
sponge and needle counts that are resolved before a procedure is concluded.
The JCAHO in June 2005 made cases of retained surgical items a sentinel
event which will require reporting and root cause analysis. Changing this requirement may help identify how frequently these events actually occur nationwide. Recognizing the problem of retained foreign bodies, the American
College of Surgeons in June 2005 approved the ‘‘Statement on Prevention
of Retained Foreign Bodies after Surgery’’ (www.facs.org/fellows_info/
statements/st-51.html) (Box 1).
A retained foreign body occurs when a surgical tool, usually a sponge,
needle or instrument, is unintentionally left behind in a patient. In 2001, after
the institution of heightened airport security measures, surgical retractors,
scissors and clamps were being discovered in unsuspecting former patients
as they went through processes for boarding ﬂights. Retained objects can
be left behind in any part of the body, but most frequently are reported
lost in the abdominal cavity, chest, pelvis and vagina [13]. The surgical tools
can be discovered weeks, months or years after the original operation, usually because of the development of patient symptoms [14]. The foreign
body can cause an acute injury leading to early discovery, or it can induce
a reaction with local or systemic signs. Fistulization may occur leading to
spontaneous extrusion, or a ﬁbrinous response can be elicited, which leads
to encapsulation of the foreign body, causing a mass eﬀect or a bowel obstruction. Any of these ﬁndings can lead providers to investigate possible
causes and obtain a CT scan [15]. Most retained objects require an operation
for removal. While cases of retention of surgical instruments garner the biggest headlines, cases of retained sponges probably occur more frequently.
No experimental evidence directly addresses the problem of retained foreign bodies. However, anecdotal and experiential evidence, such as quality
improvement reviews, risk management reports, and closed claims studies,
show that these events occur, just like wrong-site surgery cases, because of
poor communication among perioperative care personnel and faulty processes
of care in the operating room. Examples of poor communication include
instances where surgeons and nurses fail to work together cooperatively to
rectify an incorrect count, where surgeons dismiss requests to look for missing
objects, and where personnel are changed multiple times during a procedure
without accurate cross-informational reporting. Faulty processes of care
include inadequate or incomplete wound explorations, poorly performed
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Box 1. Statement on the Prevention of Retained Foreign
Bodies after Surgery
The American College of Surgeons (ACS) recognizes patient
safety as being an item of the highest priority and strongly
urges individual hospitals and healthcare organizations to
take all reasonable measures to prevent the retention of
foreign bodies in the surgical wound. The ACS offers the
following guidelines that can be adapted to various practice
settings, including traditional operating rooms, ambulatory
surgery centers, surgeons’ offices, and other areas where
operative and invasive procedures are performed:
 Surgical procedures take place within a system of
perioperative care composed of surgeons, perioperative
registered nurses, surgical technologists and anesthesia
professionals. These individuals share a common ethical,
legal and moral responsibility to promote an optimal
patient outcome.
 Prevention of foreign body retention requires good
communication among perioperative personnel and the
consistent application of reliable and standardized
processes of care.
 Recommendations to prevent the retention of sponges,
sharps, instruments and other designated miscellaneous
items include:
B consistent application and adherence to standardized
counting procedures
B performance of a methodical wound exploration before
closure of the surgical site
B use of X-ray detectable items in the surgical wound
B maintenance of an optimal OR environment to allow
focused performance of operative tasks
B employment of Xray or other technology (e.g.
radiofrequency detection, bar coding) as indicated, to
ensure there is no unintended item remaining in the
operative field
B suspension of these measures as required in
life-threatening situations
 Documentation should include, but not be limited to: results
of surgical item counts, notification of the surgical team
members, instruments or items intentionally left as packing,
and actions taken if count discrepancies occur.
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 Surgical facilities must provide resources to ensure that
necessary equipment and personnel are available to support
these perioperative surgical safety measures.
 Policies and procedures for the prevention of retained
foreign bodies should be developed, reviewed periodically,
revised as necessary, and available in the practice setting.
Notes:
Gibbs VC and Auerbach, AD ‘‘The Retained Surgical Sponge’’
in ‘‘Making Health Care Safer: A Critical Analysis of Patient
Safety Practices.’’ Shojania KG, Duncan BW, McDonald KM,
Wachter RM, editors. Evidence Report/Technology Assessment
No. 43, AHRQ Publication No. 01-E058; July 2001. Report
available at http://www.ahrq.gov/clinic/ptsafety/chap22.htm
Gwande AA, Srudert DM, Orav TA, et al. ‘‘Patient Safety: Risk
Factors for Retained Instruments and Sponges after Surgery’’,
New England Journal of Medicine 2003;348:229–35.
‘‘Recommended Practices for Sponge, Sharp, and Instrument
Counts,’’ in AORN Standards, Recommended Practices &
Guidelines (Denver, AORN, Inc., 2004), 229–34.
From the Bulletin of the American College of Surgeons 2005;90(10):15, with
permission.

sponge and instrument counts, and incomplete, inadequate or misread intraoperative radiographs. Most evidence suggests that the existing system of prevention fails because of human-related communication factors [16].
The airline industry has a good model for dealing with communication
between persons with diverse skills and roles. The airline safety program
has addressed communication issues by developing team communication
and performance standards, training to these standards, reviewing performance in simulated learning environments, and enforcing standards equally
among all team members. Developing team training and enhanced communication skills and behaviors among perioperative care professionals would
likely go a long way toward preventing miscounts and errors in the management of surgical paraphernalia.
Standardized processes of care are important. One widely used operating
room practice is the manual counting of sponges, sharps, and instruments
[17]. While no good evidence of the eﬀectiveness of this procedure has
been published, it is the only available safety modality currently in use to
track surgical tools. While the practice of counting is standard procedure
for operating room personnel, the process by which counts are performed
is not standardized and components of the processes are subject to individual hospital policy.
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Counting procedures can be supplemented with assistive devices, such as
the widely used plastic hanging pocket counting device. Counting procedures
are often omitted or abbreviated in emergency cases or in cases where a signiﬁcant risk for leaving instruments in the surgical site does not exist. The adjunctive procedure to the count is the performance of a radiograph
examination to identify any objects that may remain in a body cavity. This
practice is not universally used and can only identify objects, such as metal
objects, that a radiograph can reveal. When a conﬁrmatory radiograph is requested, hospital personnel must be available and expeditiously dispatched.
Expert radiological review when available is recommended. In trauma settings, or when the patient is in a critical life-threatening situation in the operating room, the usual procedures for counting may be suspended and
replaced with a mandatory radiological evaluation in an alternative care setting once the patient has been stabilized.
Counting alone does not prevent foreign body retention. All members of
the operating team have a responsibility to adopt safe surgical practices and
help account for surgical tools and objects. Sponges, towels, gauze and cotton pads placed in the operative ﬁeld should contain a radio-opaque marker.
A strongly recommended safety practice for surgeons is to use in the surgical
wound only items detectable on a radiograph. Surgeons should execute
a careful and thoughtful exploration of the operative site before the closure
of the wound. This methodical exploration, especially important in the
chest, abdomen, and pelvis, should be performed every time and before
the ﬁnal sponge and needle count (Box 2).
Following an incorrect count and the determination that an item is missing, the wound should be reopened and carefully re-explored. Anesthesiologists often use non–radio-opaque gauze sponges in their work area and
they should be mindful and cooperative in working with fellow members
of the operating room team in keeping unmarked items out of the wound
and in disposing of them in separate containers from those used to track
the radiograph-detectable sponges. Many companies are developing devices
to facilitate the detection of surgical tools. New technology that will help
with accounting should be evaluated and considered for adoption as they
become available [18]. These technologies include the use of bar codes on
instruments, detection systems for sponges (eg, radio-frequency identiﬁcation), and electronic surveillance systems.
As a general principal, the maintenance of an optimal operating room
environment allows everyone to mindfully accomplish their work. Allowing
time for the focused performance of operative tasks is likely to enhance accuracy and reduce errors. Distractions, interruptions, personnel changes,
noise, conversation and traﬃc should be limited and kept to a minimum.
Process review and improvement should be performed regularly and routinely after any near-miss or retained-foreign-body event. A focused review
or analysis of contributing factors can often identify areas within established processes of care that need revision. The incidence of retained foreign
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Box 2. Methodical exploration of operative site(s)
Process:
A methodical exploration of the operative wound should be
conducted prior to closure. Carefully examine the space to be
closed, and especially prior to closure of a cavity within a cavity
(i.e. stomach, bladder, uterus, vagina). Reliance on only one
element of sensory perception is discouraged, strive to SEE
AND TOUCH during the exploration whenever possible. All
items placed in the operative site should contain a radiopaque
marker whenever possible to ease in xray detection should the
item be lost. These instructions are based upon experiential
and published case reports of where missing objects were
found.
Wound/operative site(s)
1. Place retractors in the incision to provide adequate exposure
to perform visual and manual exploration of the operative
site. Do not be deceived by the size of the wound or the
nature of the operation.
2. Look and feel in the recesses of the wound and under fatty
protuberances and soft-tissue appendages.
Abdomen/pelvis
1. Place retractors in the incision to provide adequate exposure
to perform visual and manual exploration of the peritoneal
and retroperitoneal spaces if these areas were entered.
2. Examine all four quadrants of the abdomen with attention to:
i. Lift the transverse colon
ii. Check above/around the liver and above/around the spleen
iii. Examine within and between loops of bowel
iv. Look where there was a retractor or retractor blades were
placed
3. Examine the pelvis
i. Look behind the bladder, uterus (if present) and around the
upper rectum
4. If the vagina was entered, explored or part of the procedure it
should be examined.
Mediastinum/thorax
1. In the mediastinum, reflect the heart and examine the
retrocardiac space.
2. Elevate the apex of the heart to look behind it and look in
the transverse sinus to the right and left of the aorta
and pulmonary artery.
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3. Examine the thoracic cavity with attention to the thoracic apex
and base of the lungs. Place a hand or finger behind the
lung and palpate from apex to base.
When there is an incorrect count:
When the surgeon(s) is informed by nursing professionals that
there is an incorrect count, while all perioperative care
personnel are looking for the missing object, the surgeon(s)
should participate in this endeavor by repeating the
methodical wound examination.
1. STOP CLOSING THE WOUND
2. Remove enough fascial suture to replace a retractor and
obtain adequate visual AND tactile information to locate the
surgical item. Examine the full length and depth of the wound
3. Repeat the methodical operative site examination as
described above
4. Obtain a radiograph and strong consideration should be given
to not having the patient leave the OR until the xray is
reviewed by a radiologist.

bodies can be brought to zero. With eﬀective perioperative care systems in
place, the surgical patient can be assured that there will be ‘‘NoThing Left
Behind.’’

Summary
Attention has turned to issues of surgical patient safety. Essential patient
safety practices in the operating room include the application of standard
processes of care, the use of protocols and checklists to reduce reliance on
memory, the employment of simpler processes as much as possible, the alleviation of conditions that predispose to human error (eg, interruptions, fear,
anger, time pressure, anxiety), and the design and use of error-proof devices
coupled with frequent training in the use of these devices. These practices can
be applied to two issues in surgical patient safety: assurance of correct site
surgery and prevention of incidents involving retained foreign bodies. Both
of these safety problems involve poor communication between perioperative
care personnel and faulty processes of care. Recommendations to ensure that
the correct procedure is performed on the correct patient at the correct site
have been mandated by the JACHO Universal Protocol. The protocol mandates using a preoperative veriﬁcation process, marking the operative site,
and taking a ‘‘time out’’ immediately before starting the procedure. All
health care facilities where invasive procedures that expose patients to
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harm are performed are required to comply with this protocol. Recommendations to prevent the retention of sponges, sharps, instruments, and other
miscellaneous items include consistent application and adherence to standardized counting procedures, performance of a methodical wound exploration before closure of the surgical site, use of radiograph-detectable items in
the surgical wound, maintenance of an optimal operating room environment
to allow focused performance of operative tasks, and application of radiographs or other technology as indicated to ensure there is no item left by mistake in the operative ﬁeld. All perioperative care personnel can work together
to ensure that these events never happen. Getting to zero is possible.
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Many initiatives have been introduced in the past decades to standardize
and improve clinical perioperative care and thereby improve patient care.
Clinical pathways (also known as integrated care pathways, critical pathways, critical paths, care paths) are structured multidisciplinary care plans
that detail essential steps in the care of patients with a speciﬁc clinical problem [1]. They are designed to support the implementation and translation of
national guidelines into local protocols and their subsequent application to
clinical practice. In surgery, clinical pathways are standardized protocols for
the management of patients who have common conditions undergoing common surgical procedures.
Clinical pathways were introduced in the early 1990s in the United Kingdom and the United States and are being increasingly used throughout the developed world. They provide detailed guidance for each stage in the
management (eg, treatments, interventions) of a patient who has a speciﬁc
condition over a given time period and include progress and outcomes details.
In particular, clinical pathways aim to improve the continuity and coordination of care across diﬀerent disciplines and sectors within the hospital setting.
Clinical pathways can be viewed as algorithms in that they oﬀer a ﬂow
chart format of the decisions to be made and the care to be provided for
a given patient or patient group for a given condition in a step-wise sequence. Clinical pathways have four main components: a timeline, the
categories of care or activities and their interventions, intermediate and
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long-term outcome criteria, and the variance record (to allow deviations to
be documented and analyzed).
Clinical pathways diﬀer from practice guidelines, protocols, and algorithms because they are used by a multidisciplinary team and focus on the
quality and coordination of care. Clinical pathways should be the qualityassessed and evidence-based way of consistently delivering high-quality
care for a particular circumstance. The goals of clinical pathways [2] are
 Selecting the best practice when practice varies unnecessarily
 Deﬁning the standards for the expected duration of hospital stay and for
the use of tests and treatments
 Examining the interrelations among the diﬀerent steps in the care process
to ﬁnd ways to coordinate or decrease the time in the rate-limiting step
 Giving all hospital staﬀ a common plan from which to view and understand their various roles in the overall care process
 Providing a framework for collecting data on the care process so that
providers can learn how often and why patients do not follow an expected course during their hospitalization
 Decreasing documentation burdens
 Improving patient satisfaction with care by educating patients and their
families about the plan of care
The American Heart Association [3] recently reviewed critical pathways
in the context of cardiovascular medicine and concluded that
 Critical pathways are being implemented in a broad range of patients
who have cardiovascular disease
 Although cost savings can and should be evaluated with the critical
pathway, the goal of improving guideline compliance and overall quality
of care should be the primary focus
 Additional rigorous research into the cost of pathway development and
implementation, as well as the outcomes of critical pathway use, is essential before further dissemination of this tool.
 Clinical protocols can and should be used to decrease variation in care,
improve guideline compliance, and potentially improve overall quality
of care in patients who have cardiovascular disease.
Practitioners and administrators should work together to incorporate
similar and compatible features of clinical protocols and critical pathways.
This process may result in improved quality of care and reduced costs.

Clinical pathways: common features
Clinical pathways, in medicine and in other areas, have a number of consistent features. Clinical pathways
 Examine the external evidence for individual technologies
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 Combine this evidence with local knowledge and experience and
conditions
 Involve a number of persons from diﬀerent disciplines in a team decision, creating ownership of the product
 Measure the results of the actions
 Have information systems feeding back to the team on a timely basis
 Amend the pathway in the light of results
They also have in common perhaps the single most important result: they
deliver a better quality of care and almost always manage to do so at lower
cost.
Clinical pathways traditionally have been developed by a multidisciplinary
team familiar with the care of speciﬁc patients who have speciﬁc diseases or
who are undergoing speciﬁc procedures. The goal of these clinical pathways
has been to make health care delivery more eﬃcient, more standardized,
more eﬀective, and less error-prone. Newer technologic computer-based
approaches for the development of clinical pathways have been developed
and are undergoing critical evaluation to assess future potential [4].
The beneﬁts and potential problems associated with clinical pathways are
listed in Box 1. These issues must be addressed for each individual clinical
pathway. If numerous potential problems are associated with a particular
pathway, implementation of the clinical pathway will be problematic. Continual reevaluation and update of clinical pathways is necessary.

Clinical pathways in surgery
Standardized clinical pathways have been established for a number of
common surgical procedures, including laparoscopic cholecystectomy
[5,6], colon surgery [7,8], minimally invasive surgery [9,10], and more complex adult surgery such as pulmonary and esophageal resections [11],
pancreaticoduodenectomy [12], and revision of total hip replacement [13].
Critical pathway methodology has also been established as an eﬀective strategy in complex pediatric and neonatal surgical procedures such as congenital heart surgery [14]. Implementation of these clinical pathways in
pediatric heart surgery has also been associated with a signiﬁcant reduction
in length of stay and resource use [15].
With the recent advent and expansion of bariatric surgery, the use and
subsequent modiﬁcation of clinical pathways for bariatric surgery has
been shown to achieve superior outcomes, including reduced length of stay,
reduced complication rates, and decreased duration of nasogastric tube
decompression [16]. Once implemented, an established clinical pathway can
be used to modify patient care to achieve speciﬁc goals, in this circumstance
the speciﬁc goal of reducing the duration of nasogastric tube decompression.
Similarly, comprehensive clinical pathways have been associated with improved outcome and reduced length of hospital stay in patients undergoing
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Box 1. Benefits and potential problems of clinical pathways
Benefits
Support the introduction of evidence-based medicine and use of
clinical guidelines
Support clinical effectiveness, risk management, and clinical auditing
Improve multidisciplinary communication, teamwork, and care
planning
Can support continuity and coordination of care across different
clinical disciplines and sectors
Provide explicit and well-defined standards for care
Help reduce variations in patient care (by promoting standardization)
Help improve clinical outcomes
Help improve and even reduce patient documentation
Support training
Optimize the management of resources
Help ensure quality of care and provide a means of continuous
quality improvement
Support the implementation of continuous clinical auditing in
clinical practice
Support the use of guidelines in clinical practice
Help empower patients
Help manage clinical risk
Help improve communications between different care sectors
Disseminate accepted standards of care
Provide a baseline for future initiatives
Are not prescriptive: do not override clinical judgment
Are expected to help reduce risk
Are expected to help reduce costs by shortening hospital stays
Potential problems and barriers
May seem to discourage personalized care
Risk increasing litigation
Do not respond well to unexpected changes in a patient’s condition
Are better suited to standard conditions than to unusual or
unpredictable ones
Require commitment from staff and establishment of an adequate
organizational structure
May create problems in introducing new technology
May take time to be accepted in the workplace
Need provisions to ensure variance and outcomes are properly
recorded, audited, and acted upon
Adapted from http://www.openclinical.org/clinicalpathways.html, with permission.
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radical cystectomy [17]. The clinical pathway included improvements in preoperative, intraoperative, and postoperative care. The preoperative care included limited outpatient standardized bowel preparation and patient
education. Operative modiﬁcations included reduced incision length, initial
preperitoneal dissection, and the use of internal surgical stapling devices.
The postoperative care included the use of prokinetic agents, early nasogastric tube removal, the use of non-narcotic analgesics, and the early institution of an oral diet. These advances resulted in improved morbidity and
recovery and earlier hospital discharge.
The fast-track approach
Cardiac surgery has led the clinical pathway initiative with the fast-track
approach, deﬁned as a perioperative process involving rapid progress from
preoperative preparation through surgery and discharge from the hospital
[18]. Although highly individualized among the various cardiac surgery centers and dependent on local surgeon preferences and local practices, the fasttrack process is a team activity. The necessary elements of the fast-track
program are the use of short-acting anesthetic drugs, standardized surgical
procedures, early extubation, rewarming and sustained postoperative normothermia, optimal postoperative pain control, early ambulation, alimentation, and discharge, and follow-up after discharge.
This approach has been carefully studied and was not associated with
higher 60-day rates of death or readmission in 83,347 Medicare patients
who underwent coronary artery bypass grafting in the United States. In
fact, risk-adjusted rates of death or cardiovascular readmission were lower
among patients discharged earlier [19]. Subsequent studies have conﬁrmed
similar ﬁndings in Europe [20] and Canada [21].
Fast-tracking has now been applied to other surgical procedures, including
pulmonary resections [22,23] and colorectal surgery [24]. Fast-track abdominal aortic aneurysm repair has also been described [25]. This approach
requires a cooperative team of motivated individuals, including nurses, anesthesiologists, surgeons, respiratory therapists, and others involved in the
perioperative care of patients, and a commitment to continuous reevaluation
and improvement of the processes involved. Most importantly, increased
eﬀorts in educating patients and providing information about the procedure,
the expected time course, and outcome are of great importance, emphasizing
the active role of the patient. The implementation of this approach in colorectal surgery was again associated with a shorter hospital stay, reduced morbidity, and no increase in postoperative complications after discharge.
Summary
Clinical pathways are promoted for standardizing patient care, reducing
length of stay, and decreasing resource utilization without compromising
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outcome. Development and improvement of multimodal interventions within
the context of fast-track surgery programs represent the major challenge
for all medical professionals working to achieve an optimal perioperative
course [26]. New approaches in pain control, introduction of techniques
that reduce the perioperative stress response, and the more frequent use
of minimally invasive surgical techniques will continue to be introduced
into clinical pathways in an eﬀort to optimize surgical patient outcomes.
Electronic clinical care pathways will be utilized in the future as part of
the electronic medical record and may further simplify and standardize patient care to achieve optimal surgical patient outcomes [27].
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Allergic reaction to the natural material latex rubber is a growing problem. The implications for hospital staﬀ, physicians, and patients make this
potentially fatal reaction a serious safety issue for all health practitioners.
This article will give the historical background and the scientiﬁc basis for
the reactions and summarize the various evidenced-based and practical recommendations for balancing requirements related to patient safety with the
realities of the current health-care milieu.

History
Indigenous people of Central and South America, as well as Southeastern
Asia, have for centuries used rubber, the milky sap of the rubber tree, Hevea
brasiliensis. Richard Cook ﬁrst used india rubber for surgical gloves in 1834
[1]. Not until Charles Goodyear developed the process of vulcanization to
stabilize rubber and prevent it from easily melting or freezing, did the rubber
industry become important. Although J.C. Bloodgood used gloves with his
surgical team in 1893 [1], it was William Halsted in 1894 who popularized
the use of gloves in surgery. Caroline Hampton, who was Halsted’s scrub
nurse and later his wife, developed a dermatitis from mercuric chloride
used to disinfect instruments. Because of this dermatitis, Halsted required
her to use rubber gloves to protect her hands [2]. Other members of his
team then began to protect themselves similarly with gloves.
Not until 1928 was a process developed to dip gloves into latex, thereby
producing a glove that was both stronger and thinner [1]. These gloves ﬁnally gave surgeons enough tactile sensation to become practical. Because
of cost, most rubber gloves were washed, spun with powder to prevent
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sticking, and then sterilized for reuse. This practice persisted until the 1960s,
when disposable gloves came into common use.
Although no randomized prospective studies have proven the eﬃcacy of
gloves, conventional wisdom requires sterile gloves for two purposes: 1) to
protect the patient from microorganisms of the hands (after a cleaning solution is applied) of the team members, and 2) to protect the team from
the transmission of microorganisms and viruses from the patient’s blood
and ﬂuids. Because of the incidence of perforation of latex gloves (13%)
the Occupational Safety and Health Administration recommends double
gloving and sterile gloves for all members of the scrubbed surgical team
as a Category 1B recommendation [3] after donning a sterile gown.
Latex is used in the operating room not only in the form of gloves, but in
many other ways, which makes the elimination of latex problematic. Latex
is found in multiple medical products, including blood-pressure cuﬀs,
stethoscopes, oral and nasal airways, tourniquets, Penrose drains, syringes,
and electrode pads, as well as in gloves, urinary drainage catheters, esophageal dilators, and ventilator connections. Even intravenous connectors
are frequently latex-based. It is estimated that latex is used in 40,000 medical
and nonmedical products [1], and therefore exposure to latex is almost unavoidable in everyday life.
The ﬁrst scientiﬁc paper describing dermatitis from rubber gloves was
published in 1933 [4]. From 1979 to 1988, multiple reports of localized reactions to gloves appeared in Europe and America. Several reports of anaphylaxis began appearing in the anesthesia literature in the late 1980s [5,6].
However, the problem of latex as an allergen was still not widely recognized.
As universal precautions (now termed ‘‘standard precautions’’) became the
norm following the recognition that AIDS and other viruses were transmitted through human ﬂuids, the use of latex gloves accelerated. Still, knowledge and concern about latex sensitivity was minimal and the allergic
reaction was frequently attributed to other sources. It has been estimated
that in 1987, 1 billion gloves were imported for medical use. This grew to
20.8 billion gloves imported in 1996 [7]. In the United States, about 5.6 million health-care workers and other persons now use latex gloves daily [8].
One group identiﬁed early on as high risk for latex allergy was spina biﬁda patients, who frequently undergo numerous operative procedures for
multiple reasons [9]. It was thought that the rise in latex-related allergies
was related to the deterioration in the latex that occurred with low-quality
gloves.
Latexdwhat is it?
Natural rubber latex is a milky ﬂuid that is a mixture of proteins, phospholipids, and polyisoprene. Natural latex is combined with other chemicals,
primarily ammonia, to enhance the natural qualities and yield commercial
latex. It is postulated that the latex proteins are the major cause of the
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IgE-mediated allergic reaction [10]. Added accelerators and antioxidants
may also be signiﬁcant mediators of the type IV (allergic contact dermatitis)
allergic reaction [11].
Latex gloves, balloons, and condoms are made either by molds or by
a dipping process. The softest rubber products appear to have the highest
allergenic potential. The addition of cornstarch powder to gloves in 1947
to prevent sticking and give a smoother ﬁt has been shown to increase the
leaching of latex proteins and exposure of latex proteins on the surface.
Cornstarch also promotes aerosolization of the latex proteins when gloves
are removed. Low-protein, powder-free gloves decrease the sensitization potential of the latex and avoid some of the granuloma formation associated
with powder [11].

Incidence of later allergy
Although data is diﬃcult to obtain, estimates now indicate that 1% to
6% of the general population has some sensitivity or allergy to latex, and
about 8% to 12% of health-care workers regularly exposed to latex develop
sensitivity. Meanwhile, as many as 20% of operating room personnel may
have developed sensitivity [12]. European studies found a 0.9% to 10% incidence of positivity to pin prick, while a Brazilian study found a 6% allergic
sensitization rate [13]. Other estimates of latex sensitivity are as high as 17%
[14]. Because of the explosion in the incidence of later allergy and the worldwide potential for problems, a better understanding of the problem is required for all health-care providers (Appendix 1).
Latex is ubiquitous in our society and is especially prevalent in the health
professions. Exposure occurs frequently through cutaneous contact, although mucous membranes, intravenous routes, and inhalation pathways
are all portals of entry. Mucous membranes, especially in the mouth, vagina,
and rectum are common areas of exposure. The release of latex particles in
the air is particularly dangerous to individuals who are already sensitized.
Such release can lead to bronchospasm and laryngeal edema. As noted,
the addition of powder to the particles makes them particularly dangerous.
Outside the operating room, latex is found in elastic bands, erasers, automobile tires, bicycle handgrips, shoe soles, and paciﬁers. Therefore, the incidence of latex sensitivities and allergies will likely grow.

Diﬀerentiating later allergic reactions
Reactions to natural rubber latex range from mild irritation to anaphylactic latex allergy (Box 1). Irritant contact dermatitis is the most common
reaction and is evidenced by sore, red, dry, and chapped hands. This is
a nonallergic reaction that is localized to the skin. Thorough washing and
drying of hands, the use of powder-free gloves, and the practice of changing
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Box 1. Types of latex and other glove-associated reactions
A) Irritation: nonallergic irritation caused by hand washing,
insufficient rinsing, and glove powder. Clinical signs: dry,
crusty, hard bumps; sore and horizontal cracks on skin, which
may itch. Treatment: avoid or remove the irritant and use
nonpetroleum-based moisturizing creams.
B) Allergic contact dermatitis: chemical allergy from exposure
to chemicals in latex manufacture. Clinical signs: red, raised
bumps; sore and horizontal cracks, which may extend up
forearm. Signs usually appear slowly after exposure and may
persist for days. Treatment: use of moisturizing creams and
avoidance of petroleum-based products, which may be latex
incompatible. Avoidance of latex especially important if there
are breaks in the skin.
C) Latex allergy: type I hypersensitivity from exposure to
proteins in latex or suspended in air. Clinical signs: wheal and
flare response within minutes of exposure under glove. May
mimic irritant and allergic contact dermatitis. Severe forms
include facial swelling, generalized urticaria, respiratory
distress, and anaphylaxis. Treatment: immediate removal
from the latex-containing environment and anaphylaxis
therapy if needed.

gloves frequently to minimize sweating under the gloves can reduce skin
irritation.
Allergic contact dermatitis, which may result from the chemical additives
used in the glove manufacturing process, is usually localized to the area of
contact. This form of dermatitis is not caused by the latex itself. Repeated
exposure to the allergens can lead to increased sensitization and an increasingly severe reaction.
True latex allergy occurs when repeated sensitization to latex produces
anti-latex IgE antibodies that stimulate mast cells, basophils, and histamine
release. Local and systemic reactions can occur. The allergic reaction is immediate, with symptoms occurring in minutes [15]. The patient may display
symptoms of urticaria, laryngeal edema, bronchospasm, and asthma. Anaphylaxis and death can occur. Basic life support should be instituted
promptly to maintain the airway, breathing, and circulation. Latex-containing products should be removed promptly.
Latex-induced anaphylaxis has been reported to account for up to 17%
of cases of intraoperative anaphylaxis [16]. The diagnosis and management
of latex-induced anaphylaxis is reviewed in detail in a national practice parameter on anaphylaxis and summary statements are listed in Box 2 [17]. It’s
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Box 2. Summary of parameters for managing latex-induced
anaphylaxis
 Latex (rubber) hypersensitivity is a significant medical problem
and three groups are at a higher risk of reaction: health-care
workers, children with spina bifida and genitourinary
abnormalities, and workers with occupational exposure to
latex.
 To identify IgE-mediated sensitivity, skin-prick tests with latex
extracts should be considered for patients who are members
of high-risk groups or who have a clinical history of possible
latex allergy. Although a standardized commercial skin test
reagent for latex is not available in the United States, many
allergy centers have prepared latex extracts from gloves to be
used for clinical testing. Such extracts, prepared from gloves,
demonstrate tremendous variability in the content of latex
antigen. In vitro assays for IgE are generally less sensitive
than skin tests.
 Patients with spina bifida (regardless of a history of latex
allergy) and other patients with a positive history of latex
allergy ideally should have all medical, surgical, and dental
procedures performed in a latex-safe environment and as the
first case of the day.
 A latex-free environment is an environment in which no latex
gloves are used in the room or surgical suite and no latex
accessories (eg, catheters, adhesives, tourniquets, and
anesthesia equipment) come into contact with the patient.
 In health-care settings, general use of latex gloves with
negligible allergen content, powder-free latex gloves, and
non-latex gloves and medical articles should be considered
to minimize exposure to latex allergen. Such a combined
approach might reduce latex sensitization of health-care
workers and patients and should lower the risk of inadvertent
reactions to latex in previously sensitized individuals.
From Joint Task Force on Practice Parameters for Allergy & Immunology.
The diagnosis and management of anaphylasis: an updated practice parameter.
J Allergy Clin Immunol 2005;115:S483–523; with permission.

important to convert a latex-free environment during the resuscitation of
patients with sudden intraoperative cardiovascular collapse of unknown
cause. Latex must always be considered as a potential culprit, even in patients without obvious risk factors [18].
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Evidenced-based information
There is no level I evidence-based data about latex-induced anaphylaxis
because there is no way to design a study to look at a potentially lethal complication. On the other hand, the goal of zero tolerance is also impractical at
this point. Therefore, most ﬁndings and recommendations are based on case
reports and immunological ﬁndings. The recommendations are mostly
class C. However, the implications of missing a possible latex allergic patient
are signiﬁcant. Obviously, there are important ﬁnancial and practical obstacles to becoming latex-free, and each institution and surgeon needs to examine the cost/beneﬁt ratio. However, the following recommendations have
emerged from the realization that the problem is spreading and has worldwide implications.
Recommendations
The most certain way to prevent latex allergy is to eliminate latex, a solution that is nearly impossible. The goal should be education and lowering of
risk to health-care practitioners and patients. Industry is rapidly responding
to the problem with the introduction of latex-free gloves, intravenous needles, tubing, and other medical supplies. Eventually, the marketplace will
provide solutions. In the meantime, to reduce the exposure to latex and
risk of developing latex allergies in health-related ﬁelds, health-care institutions should adopt practical recommendations that protect personnel.
Preoperative screening
Screening patients is the ﬁrst step for minimizing the risk of a latex allergic reaction. Practice guidelines for determining latex sensitivity are imperative to ensure that all patients are identiﬁed. Patients ﬁrst should be asked
if they have a conﬁrmed latex sensitivity or allergy. Patients at special risk
even without documented latex allergy are those individuals with frequent
or prolonged exposure to latex products. This group can include healthcare workers who have worn gloves for long periods and patients who
have undergone multiple surgeries or procedures. Three groups are at higher
risk of later allergic reaction: health-care workers, patients with spina biﬁda
or genitourinary abnormalities, and workers with occupational exposure to
latex. These individuals may display irritant or contact dermatitis. Allergic
patients may show signs of skin rash, hives, itching, ﬂushing, rhinitis, and
shock.
Patients with a history of allergy (eg, asthma, environmental or drug allergens) or a history of unexplained anaphylaxis during surgical, dental, or
interventional procedures may also be at risk. When a history of latex sensitivity is suspected, a patient questionnaire, such as the questionnaire in
Box 3, can be administered.
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Box 3. Patient questionnaire for detecting latex sensitivity
1. Have you ever had allergies, asthma, hay fever, eczema, or
problems with rashes?
2. Have you ever had anaphylaxis or an unexpected reaction
during a medical procedure?
3. Have you ever had swelling, itching, or hives on your lips
or around your mouth after blowing up a balloon?
4. Have you ever had swelling, itching, or hives on your lips
or around your mouth during or after a dental examination
or procedure?
5. Have you ever had swelling, itching, or hives following
a vaginal or rectal examination or after contact with
a diaphragm or condom?
6. Have you ever had swelling, itching, or hives on your hands
during or within 1 hour after wearing rubber gloves?
7. Have you ever had a rash on your hands that lasted longer
than 1 week?
8. Have you ever had swelling, itching, or hives after being
examined by someone wearing rubber or latex gloves?
9. Have you ever had swelling, itching, hives, running nose,
eye irritation, wheezing, or asthma after contact with any
latex or rubber product?
10. Has a physician told you that you have rubber or latex
allergy?
11. Are you allergic to bananas, avocados, chestnuts, pears, figs,
papayas, or passion fruit?
12. Are you presently on beta-blockers?
Data from Association of periOperative Registered Nurses. AORN latex guidelines. In AORN: 2004 standards, recommended practices and guidelines. Denver
(CO): AORN, 2004. Latex sensitivity: current issues. Healthc Hazard Mater Manage
1999;16:103–118. Catalano K. Risk management and latex allergies. Surgical Services Management 1997;42:44–6.

The National Institute for Occupational Safety and Health (NIOSH) [19]
recommends steps that employers, workers, and patients can take to reduce
latex exposure and to protect patients with possible allergies from undue
risk. Those steps are listed in Box 4:
Setting up a latex-safe operating room
Setting up a latex-safe operating room begins with educating staﬀ about the
incidence, risk factors, identiﬁcation, and management of latex sensitivity.
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Box 4. NIOSH steps for reducing latex exposure
Steps for employers
1. Provide workers with non-latex gloves to use when there is
little potential for contact with infectious materials (eg, food
industry workers).
2. Appropriate barrier protection is necessary when handling
infectious material [20]. If latex gloves are chosen, provide
reduced-protein, powder-free gloves to protect workers
from infectious materials.
3. Ensure that workers use good housekeeping practices to
remove latex-containing dust from the workplace.
4. Provide workers with education programs and training
materials about latex allergy. Post signs and materials in
visible places.
5. Periodically screen workers for latex allergy symptoms.
Steps for all workers
1. Use non-latex gloves when possible, especially when not
dealing with infectious materials
2. If latex barrier protection is used, choose powder-free gloves
with reduced protein content [21].
3. Wash hands after removing latex-containing gloves.
4. Learn to recognize the signs and symptoms of latex allergy
and report them promptly
Steps for workers dealing directly with patients
1. Urge patients to notify health-care workers of latex sensitivity.
2. Assess all patients for latex sensitivity.
3. Administer patient questionnaire (Box 3) to patients with
suspected or known sensitivity.
4. Apply latex allergy band or medic alert bracelet to patients
with suspected or known sensitivity.
5. Perform latex sensitivity testing on patient as indicated.
6. Advise patients that latex is present in many surgical supplies.
7. Institute basic life support to patients with allergic reaction
to latex.
8. Use latex-free products for patients with suspected or known
sensitivity.
9. Follow institutional latex-safe policy for patients with
suspected or known sensitivity.
Adapted from the National Institute of Occupational Safety and Health
(NIOSH). Latex allergy: a prevention guide. Available at: www.cdc.gov/niosh/
98-113.html. US Department of Health and Human Services, 1999.
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Protocols, policies, and procedures related to latex safety should be developed and implemented. Collaborating and communicating with pharmacy,
dietary, and other departments can help to avoid latex exposure on, for example, drug vials and food trays. Mock latex allergy situations should be
performed at least annually to maintain staﬀ competency.
Health-care workers should identify and avoid (when possible) latex
products in the operating room. Identifying alternative products and storing
them away from latex products provides latex-free resources for patients
suspected or known to have sensitivity. Institutions should consider purchasing latex-free procedure modules for anesthesia and surgical specialties.
Developing a mobile cart containing latex-free supplies for sensitive patients
facilitates a rapid response.
When a patient is identiﬁed as being latex sensitive, the latex-free case
should be scheduled as the ﬁrst of the day. The operating room should be
cleaned (with non-latex gloves) before the patient enters the surgical suite.
The operating room itself should be closed for 30 minutes after cleaning.
Frequent cleaning of areas and equipment contaminated with latex-containing dust can reduce the number of ambient latex particles [21].
Staﬀ should use latex-free gloves and thoroughly wash their hands with
soap and dry after removing gloves. Nitrile (eg, polymer of butadiene, acrylonitrile, and carboxylic acid) and neoprene (chloroprene) are acceptable for
prolonged exposure to blood and body ﬂuids. Vinyl (polyvinyl chloride)
does not provide suﬃcient barrier protection against blood and body ﬂuids.
The management of cardiac surgery patients with latex allergy can be
particularly challenging, and an integrated multidisciplinary approach is
necessary [22].

Cost considerations
Computing the cost of latex allergy requires a review of morbidity, mortality, and ﬁnancial factors. Studies have demonstrated cost savings (One
institution realized savings of $200,000.) when converting to low-powder
or powder-free gloves [23,24]. Removing latex gloves (and other latex products) altogether from a supply inventory is an option undergoing increasing
scrutiny.
In a cost analysis of health-care worker disability from latex allergy and
asthma, Phillips and colleagues [25] found that health-care facilities can save
money by creating a latex-safe environment. In their study, they focused on
the cost of replacing latex gloves with non-latex gloves. The investigators
compared those costs to the payments for workers’ compensation. The
study calculated the value of total disability wage replacement for one employee with latex allergy at $108,917. The cost of partial disability for one
employee was $61,988. When only the cost of gloves was considered, the latex-free approach was more expensive than the continued use of latex
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Box 5. Latex-related cost considerations
Sick leave of latex-sensitive staff
Diagnostic tests to determine sensitivity
Latex-related medical care
Decreased staff productivity
Lost staff work time
Employee turnover
Workers’ compensation
Cancelled or delayed surgery for latex-sensitive patients
Latex supply replacement
In-service training for staff
Time for developing policies and procedures
Regulatory accommodation (eg, compliance with Americans with
Disabilities Act)

gloves. When other factors were considered (Box 5), the latex-safe approach
was more cost-eﬀective, even when latex disability levels were very low.

Summary
As the use of latex has increased, so has the concern over latex reactions
among health-care providers. To reduce the risk to health-care personnel
and patients, surgeons need to insist on powder-free gloves and be willing
to use latex-free products when possible [26]. Converting operating rooms
to latex-free environments may be necessary in the future. For now, however, the goals are to lessen exposure to latex-containing products and create
a latex-safe environment [23]. Screening for latex allergy, educating healthcare providers to the problem, and alerting patients to be aware of the possible risks are all necessary for ensuring the safety and eﬀectiveness of the
health-care system. A team approach to eliminate the problem is necessary,
and surgeon buy-in is a key element of the solution. The recommendations
given above can help establish a framework to minimize or prevent serious
latex-related reactions.

Appendix 1. Deﬁnitions related to latex sensitivity
Allergen. A substance that can induce an allergic or speciﬁc hypersensitivity reaction; an antigen.
Allergy. An immune response to an antigen producing a symptomatic reaction in a susceptible individual.
Dermatitis. Inﬂammation of the skin.
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Allergic contact dermatitis. (Type IV, delayed hypersensitivity) A delayed,
T-celldmediated, hypersensitivity reaction attributed to antigenic
chemicals added during the harvesting, processing, or manufacturing
of latex products.
Irritant contact dermatitis. Nonallergic, localized cutaneous response to
a substance contacting the skin.
Latex. Viscid, milky juice secreted by the rubber tree Hevea brasiliensis;
contains lipids, phospholipids, proteins, carbohydrates, and cis-1,
4-polyisoprene; also known as natural rubber latex.
Latex allergy. (Type I, type IgE-mediated, immediate hypersensitivity)
Localized or systemic allergic response to one or more latex proteins
(antigens) to which the individual has been sensitized and developed
antibodies; true latex allergy.
Latex-free environment. An environment in which all latex-containing
products have been removed.
Latex-safe environment. An environment in which every reasonable eﬀort
has been made to remove high-allergen and airborne latex sources
from coming into direct contact with aﬀected individuals.
Sensitization. Immunological memory in response to exposure to an
antigen.
Sensitivity. Clinical expression of symptoms developing after sensitization.
Data from Association of periOperative Registered Nurses. AORN latex
guidelines. In: AORN: 2004 standards, recommended practices and guidelines. Denver (CO): AORN; 2004. p. 103–18. Janeway CA, et al. The induction, measurement, and manipulation of the immune response. In: Immuno
biology: the immune system in health and disease, 4th edition. New York:
Elsevier; 1999, p. 33–75. American Society of Anesthesiologists Natural rubber latex allergy: considerations for anesthesiologists. Available at: http://
www.asahq.org/publicationsAndServices/latexallergy.html. Accessed October 19, 2003. National Institute for Occupational Safety and Health (NIOSH).
Preventing allergic reactions to natural rubber latex in the workplace. Available at: http://www.cdc.gov/niosh/latexalthtml. Accessed February 26, 2005.
Further reading
American Latex Allergy Association, www.latexallergyresources.org.
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The ultimate measure of whether perioperative care has been optimal
is the determination of patient outcome. Outcome-based comparative
measures of the quality of surgical care among surgical services and surgical
subspecialties have been elusive in the past. During the past decade there
has been a great interest in surgical outcomes research focused on adequate
risk adjustment of surgical patients. This initiative has been led by the National Surgery Quality Improvement Program (NSQIP) of the Department
of Veterans Aﬀairs (VA).
National Surgery Quality Improvement Program
During the mid- to late-1980s, the VA came under a great deal of public
scrutiny over the quality of surgical care in their 133 VA hospitals. At issue
were the operative mortality rates in the VA hospitals and the perception in
Congress that these rates were signiﬁcantly higher than the national (private
sector) norm. To address the gap, Congress passed law 99-166, which mandated the VA to report its surgical outcomes annually, on a risk-adjusted
basis to factor in a patient’s severity of illness, and to compare these outcomes with national averages.
VA surgeons recognized that there were no national averages or riskadjustment models for the various surgical specialties. Prompted by the
1986 congressional mandate, the VA conducted the National VA Surgical
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Risk Study (NVASRS) in 44 VA medical centers between October 1,1991,
and December 31,1993 [1]. The aim was to develop and validate risk-adjustment models for the prediction of surgical outcome and the comparative assessment of the quality of surgical care among multiple facilities.
A dedicated clinical nurse reviewer in each medical center collected preoperative, intraoperative, and 30-day outcome variables (Box 1) on a total of
more than 117,000 major operations. Using these data, the NVASRS was
able to develop risk models for 30-day mortality and morbidity in nine surgical specialties. Additionally, they found that the risk-adjusted outcomes produced by the models matched the quality of systems and processes in the
hospitals. Their work allowed, for the ﬁrst time, a comparative measurement
of the quality of surgical care in the nine specialties.
The NVASRS also demonstrated that signiﬁcant diﬀerences in several dimensions of process and structure of the delivery of surgical care were associated with diﬀerences in risk-adjusted surgical morbidity and mortality
among the 44 VA medical centers [2].
A subsequent publication reported NSQIP data including major surgical
procedures (n ¼ 417,944) performed between October 1, 1991, and September 30, 1997 [3]. This study established that, since 1994, the 30-day mortality
and morbidity rates for major surgery had fallen 9% and 30%, respectively,
in the VA hospitals. This study also established that reliable, valid information on patient presurgical risk factors, process of care during surgery, and
30-day morbidity and mortality rates could be captured for all major surgical procedures in the 123 VA hospitals performing surgery. The VA established the ﬁrst prospective outcome-based program for comparative
assessment and enhancement of the quality of surgical care among multiple
institutions for several surgical subspecialties.
The success of the NVASRS study encouraged the VA to establish an ongoing program for monitoring and improving the quality of surgical care
across all VA medical centers, and the NSQIP was initiated. The NSQIP

Box 1. Data capture elements for the National Surgery Quality
Improvement Program
The following variables are collected on each surgical case:
Demographics: 9 variables
Surgical profile: 9 variables
Preoperative data: 40 clinical variables and 13 laboratory
variables
Intraoperative data: 18 clinical variables and 3 occurrence
variables
Postoperative data: 20 occurrence variables, 12 laboratory
variables, and 9 discharge variables
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determined the most predictive preoperative risk factors for mortality in
noncardiac surgery (Table 1) [3], with the top ﬁve risk factors conﬁrmed
as (1) admission serum albumin level, (2) American Society of Anesthesiology class, (3) disseminated cancer, (4) emergency operation, and (5)
increased age. Careful tracking of postoperative complications and occurrences (Box 2) was also an important component of NSQIP.
Since the inception of the NSQIP data collection process, the 30-day
postoperative mortality after major surgery in the VA has decreased by
27%, and the 30-day morbidity has decreased by 45%; median postoperative length of hospital stay has been reduced from 9 to 4 days, and patient
satisfaction has improved [4]. In October 2002, the Institute of Medicine
named the NSQIP the ‘‘best in the nation’’ for measuring and reporting surgical quality and outcomes.
The National Surgery Quality Improvement Program
and perioperative care
The importance of the use of risk-adjusted outcomes in surgery as related
to perioperative care has been clearly documented. Speciﬁc risk factors (including general anesthesia and blood transfusion) are associated with increased risk for pneumonia [5]. Additional studies have documented that
anemia and blood transfusion are associated with increased risk for

Table 1
Most predictive preoperative risk factors for mortality in noncardiac surgery patients
Order of Entry into Logistic Regression Model
for All Operations
Risk Factor

Phase 1

Phase 2

FY 96

FY 97

Average Rank

Serum albumin (G/dl)
ASA class
Disseminated cancer
Emergency operation
Age
BUN O 40 mg/dl
DNR
Operation complexity score
SGOT O 40 IU/ml
Weight Loss O 10%
in 6 months
Functional status
WBC O 11,000/mm3

1
2
4
3
5
6
7
12
11
9

1
2
3
4
5
7
10
9
8
13

1
2
3
5
4
6
8
10
9
14

1
2
3
5
6
9
4
13
17
10

1
2
3.3
4.3
5
7
7.3
11
11.3
11.5

24
16

6
14

11
15

8
11

12.3
14

Abbreviations: ASA, American Society of Anesthesiology; BUN, blood urea nitrogen;
DNR, do nor resuscitate; SGOT, serum giutarnic; WBC, white blood cell count.
From Khuri SF, Daley J, Henderson W, et al. The Department of Veterans Aﬀairs’ NSQIP:
the ﬁrst national, validated, outcome-based, risk-adjusted, and peer-controlled program for the
measurement and enhancement of the quality of surgical care. National VA Surgical Quality
Improvement Program. Ann Surg 1998;228(4):501; with permission.
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Box 2. Postoperative occurrences collected by the National
Surgery Quality Improvement Program
Wound occurrences
Superficial incisional surgical site infection
Deep incisional surgical site infection
Organ/space surgical site infection
Wound disruption
Respiratory occurrences
Ventilator support needed for longer than 48 hours
Pneumonia
Pulmonary embolism
Unplanned intubation
Urinary tract occurrences
Acute renal failure
Progressive renal insufficiency
Urinary tract infection
Cardiac occurrences
Cardiac arrest requiring cardiopulmonary resuscitation
Myocardial infarction
Central nervous system occurrences
Coma for more than 24 hours
Peripheral nerve injury
Stroke/cerebrovascular accident
Other surgical occurrences
Bleeding/transfusions
Deep vein thrombosis/thrombophlebitis
Graft/prosthesis/flap failure
Sepsis
Septic shock
Systemic inflammatory response syndrome

perioperative infection and mortality [6]. Future studies in perioperative
care will require the use of risk-adjusted outcome measures.
The National Surgery Quality Improvement Program
private sector initiative
In 1999, the private sector became interested in the NSQIP. It was unclear whether the NSQIP methodology was applicable outside the VA and
if the risk-adjustment models would hold true for private sector patient
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populations, which are more heterogeneous than the predominantly male
population in the VA system.
A pilot study initiated in 1999 determined the feasibility of implementing
the NSQIP in non-VA hospitals. Surgeons at three academic nonfederal
hospitals (Emory University, the University of Michigan, and University
of Kentucky) volunteered to participate in the pilot study and to donate
the time of a nurse coordinator to collect data. The pilot study included
only general and vascular surgery. The three centers found that after the ﬁrst
complete year of analysis both the data collection/transmission methods and
the predictive and risk-adjustment models of the NSQIP were applicable to
their non-VA environments [7].

Administrative databases
Administrative databases that rely primarily on information collected for
billing purposes increasingly have been used as tools for public reporting of
outcomes quality. Comparative studies assessing correlation between administration data and clinical data collected for quality assurance purposes
(eg, NSQIP and the Society of Thoracic Surgeons database) document signiﬁcant variance between the two, with greater error identiﬁed in the administrative databases. A recent study of cardiac surgery found that mortality in
administrative data exceeded that reported in clinical data by 21% [8].

The American College of Surgeons National Surgery Quality Improvement
Program
In 2001, the American College of Surgeons (ACS) began to take an active
interest in the NSQIP and its results in reducing surgical mortality and morbidity rates. The development of a national system to collect and report riskadjusted event data for surgical services was of great importance to the ACS.
Based on the success of the pilot program, and in collaboration with the
VA, the ACS applied for an Agency for Health care Research and Quality
grant to expand the program further into the private sector. Funding was
awarded to the ACS to expand the pilot program to an additional 14 medical centers including Massachusetts General Hospital, the University of
Virginia Medical Center, and New York’s Columbia Presbyterian Hospital.
Later, data were included from four aﬃliated community hospitals. The
NSQIP functioned well in the 18 private-sector hospitals. Three years of
private-sector experience have demonstrated the eﬀectiveness of the NSQIP
as a quality improvement tool and as a source of new clinical knowledge for
hospitals outside the VA system.
The ACS has announced the expansion of the ACS National Surgical
Quality Improvement Program (ACS NSQIP) to all private-sector hospitals
that meet the minimum participation requirements. The ACS believes that
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NSQIP is one of the best ways to benchmark and improve surgical care. The
program includes continuously updated and available Web-based benchmark reporting, ongoing nurse training and data audits, and annual clinical
performance reports and evaluations. The VA program will continue its parallel system (the VA NSQIP) and will continue to compare its results against
the ACS NSQIP private-sector data.

Summary
Risk-adjusted patient outcomes are developing as accurate measures of
adequacy of perioperative care. NSQIP has become the standard tool for assessment of risk-adjusted mortality and morbidity in surgical patients in the
United States.
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